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PREFACE 


Tliis report dated 19 December 1975 contains a description of the equipment 
designed and fabricated on a program entitled "TDRSS Multimode Transponder". The 
results of the Phase I design study effort were previously published in a report 
designated Magnavox Research Laboratories Repoid: No. R-4403 on 15 July 1973. The 
equipment winch was subsequently developed during Phase II was described in MRL 
Report No. R-1754 vtoritten but not distributed on 15 March 1974. A description of the 
equipment modified for S-Band operation is presented in this report. This work was 
accomplished by the Magnavox Research Laboratories of Torrance, California and 
complies with the requirements of Contract Number NAS5-20330 . 

This report contains a complete description of the TDRSS Multimode 
Transponder and its associated ground support equipment. The transponder will 
demonstrate candidate modulation techniques to provide the required information for 
the design of an eventual S-Band transponder suitable for installation in a user satellite, 
capable of operating as part of a Tracldng and Data Relay Satellite (TDRS) system. 

Magnavox wishes to aclcnowledge the assistance of Mr . Pat Mitchell, NASA 
Teclmical Officer and Mr . Leonard Deerkoski of the TDRSS program office at the 
Goddard Space Flight Center. 

This report was prepared by Messrs. J, Mackey, P. Fisher, S. Zapp 
and R. Updegraff, 


iii/(iv blank) 


TABLE OF CONTENTS 


Section ^ 3 .ge 

PREFACE iii 

I INTRODUCTION 1-1 

1.1 Program Background 1-1 

1. 2 Basic TDRSS Concepts 1-3 

1. 3 Program Objectives - S-Band Modification 1-4 

1. 4 Report Content 1-5 

II SYSTEM DESCRIPTION 2-1 

2. 1 Equipment Configuration 2-1 

2. 1. 1 MTAR Equipment 2-1 

2. 1. 2 MMT Equipment 2-1 

2. 1. 3 ^stem Test Interface 2-7 

2. 2 Siystem Operation ...... . 2-8 

2. 2. 1 Control Functions 2-8 

2.2.2 Operational Procedures 2-11 

2. 2. 2.1 Forward Linlt 2-11 

2. 2. 2. 2 Return Link 2-11 

2. 2. 2- 3 Return Only Linlt 2-12 

2.3 Basic Functional Description 2-13 

2. 3. 1 MTAR Functional Description 2-14 

2. 3. 2 MMT Functional Description 2-14 

2. 4 System Design 2-17 

2. 4. 1 Design Parameters 2-17 

2. 4. 2 Modulation Techniques 2-21 

2. 4. 2.1 Frequency Hop 2-21 

2. 4. 2. 2 Staggered Quadripbase 

Pseudonoise ............. 2-25 

2. 4. 3 Receiver Design 2-26 


V 



TABLE OF CONTENTS (Continued) 


Section Page 

ni FUNCTIONAL DESCBIPTION . 3-1 

3. 1 General Description 3-1 

3. 1. 1 MTAR Equipment 3-1 

3. 1. 2 MMT Equipment . 3-5 

3. 2 MMT (Simulated User Transponder) 3-7 

3. 2. 1 Receiver-Transmitter Chassis 3-9 

3. 2. 2 Signal Processor Chassis 3-9 

3. 2. 2. 1 Frequency SSynthesis 3-14 

3. 2. 2. 2 Receiver 3-17 

3. 2. 2. 3 Controller 3-23 

3.2.3 Control Panel 3-''^’ 

3.2.4 Signal Monitor Panel 3-37 

3. 2. 5 Power Supply 3-37 

3, 3 MTAR (Simulated Ground Terminal Equipment) 3-40 

3. 3. 1 Receiver-Transmitter Chassis 3-40 

3.3.2 Signal Processor Chassis 3-41 

3. 3. 2. 1 Frequency Qsmthesis ......... 3-47 

3. 3. 2, 2 Receiver 3-47 

3. 3. 2. 3 Controller 3-49 

3. 3. 3 Control Panel 3-49 

3.3.4 Signal Monitor Panel 3-52 

3. 3. 5 Power Supply 3-52 

3.4 Eastern Test 3-55 

3. 4. 1 Bit Error Rate Measurement 3-55 

3.4.2 MX 270 B 3-57 

3.4.3 LV7015 3-57 

3.4.4 Front Panel Monitor Jacks 3-59 

3. 4. 4. 1 MTAR Signal Processor 

J18 (Ref 1) 3-59 

3. 4. 4. 2 MMT Signal Processor 

J12 (5 MRx) 3-60 

3. 4. 4. 3 MMT Signal Processor 

J13 (5 MTx) 3-60 


vi 


TABLE OF CONTENTS (Continued) 


Section Page 


m FUNCTIONAL DESCRIPTION (Continued) 

3. 4. 4, 4 MTAR Signal Processor 

J15 (START) 3-60 

3. 4. 4. 5 MTAR Signal Processor 

J16 (STOP) 3-60 

3. 4. 4. 6 MMT Signal Processor 

J14 (no label) . 3-60 

rV MECHANICAL DESCRIPTION 4-1 

4. 1 Major Assemblies 4-1 

4. 2 Receiver- Transmitter 4-2 

4. 3 Signal Processor 4-2 

4. 3. 1 Printed Circuit Subassemblies 4-4 

4. 4 Control Panel 4-4 

4. 5 Signal Monitor Panel 4-4 

4, 6 Power Supply 4-5 

4.7 Environmental Considerations 4-6 

4. 7. 1 Electromagnetic Interference 4-7 

4. 7. 2 Thermal Considerations 4-8 

4. 8 Malntainabiliiy 4-8 

V EQUIPMENT CHARACTERISTICS AND PERFORMANCE . 5-1 

5. 1 Equipment Specification 5-1 

5. 2 Technical Requirements for the MMT 5-1 

5. 2. 1 Receiver Noise Figure 5-1 

5. 2. 2 Selectivity 5-1 

5. 2. 3 Inputs 5-1 

5. 2. 3. 1 S-Band Signals 5-2 

5. 2. 3. 2 Command Signals 5-2 

5. 2. 3. 3 Telemetry Data 5-2 

5. 2. 3.4 Voice Coding ................ 5-2 

5. 2. 3. 5 Convolutional Encoding ......... 5-2 

5. 2. 3. 6 Power 5-3 


vii 


TABLE OF CONTENTS (Continued) 


Secllon Page 


V EQUIPMENT CHARACTERISTICS AND PERFORMANCE 
(Continued) 

5. 4 Outputs 5-3 

5. 2. 4.1 S-Band Signals 5-3 

5. 2.4. 2 Ranging Signals 5-3 

5. 2. 4. 3 Command Signals 5-3 

5. 2. 5 Modes of Operation 5-3 

5. 2. 5. 1 Conventional Mode ........... 5-3 

5. 2. 5 . 2 SQPN Mode 5-4 

5. 2. 6 Test Equipment 5-4 

5. 3 Technical Reqioirements for the MTAR 5-4 

5.3.1 Introduction 5-4 

5.3.2 Electrical Specifications 5-5 

5. 3. 2. 1 Transmitter Signal Stahilily ..... 5-5 

5. 3. 2. 2 Transmission Power Levels 5-6 

5. 3. 2. 3 Transmitter Output Frequency .... 5-6 

5. 3. 2. 4 Transmitter Signal Formats and 

Modulation 5-6 

5. 3. 2. 5 PN Code 5-7 

5. 3. 2. 6 Equipment Interface ......... 5-7 

5. 3. 2. 7 Receiving System Sensitivity 

(All Modes) 5-7 

5. 3. 2. 8 Receiver Dynamic Range ....... 5-8 

5, 3. 2. 9 Acquisition Time of the Groxmd 

Receiver 5-8 

5. 3. 2. 10 Acquisition with Doppler ....... 5-8 

5. 3. 2. 11 Ground Receiver and Signal 

Processor Bandwidths 5-8 

5.3.2.12 Data Output 5-8 

■5. 3. 2. 13 Range Signals (PN Mode) 5-9 

5.4 Test Data 5-9 

VI CONCLUSIONS 6-1 

6. 1 Modifications to Improve Existing Equipment . 6-1 

6. 1. 1 Correlation Frequency 6-1 

6. 1. 2 Optimization of Acquisition Sequence ....... 6-2 


viii 


LIST OF ILLUSTRATIONS 


Figure Page 


2-1 Multimode Transmitter and Receiver (MTAR) Equipment 2-3 

2-2 Multimode Transponder (MMT) Equipment 2-5 

2-3 TDESS Configuration 2-7 

2-4 TDRSS Simulation 2-8 

2-5 Fx-equencies Plan 2-9 

2-6 Data Rates and Modes 2-10 

2-7 Two-Way Digital Communications Linlt for Laboratory 

Simulation 2-13 

2-8 MTAR Simplified Block Diagram . 2-14 

2-9 MTAR Transmit and Receive IF Chains . 2-15 

2-10 MMT Simplified Block Diagram 2-15 

2-11 MMT Transmit and Receive IF Chains 2-16 

2-12 Hop and PK Code Timing 2-22 

2-13 Strong Signal Hop Coincidence 2-23 

2-14 Carrier Phase Rotation . 2-24 

2-15 Modulator for FH and SQPN 2-24 

2-16 Staggered Quadriphase Pseudonoise 2-26 

2-17 MMT Acquisition and Track Configuration 2-27 

2-18 MMT Signal Demodulator 2-29 

2-19 MMT Hop Acquisition Sequence 2-31 

2- 1 MTAR Transmitter, Block Diagram 3-2 

3- 2 MTAR Receiver, Block Diagram 3-4 

3-3 MMT Receiver, Block Diagram . 3-6 

3-4 MMT Transmitter Block Diagram 3-B 

3-5 MMT Receivex'-Transmitter, Front and Top Views .......... 3-10 

3-6 MMT Receive!— Transmitter Block Diagram 3-11 

3-7 MMT Signal Px'ocessox', Front and Top Views 3-15 

3-8 MMT Reference Fx’equency Distribution 3-16 

3-9 MMT VHF/UHF Sjmthesis 3-18 

3-10 MMT S-Band Synthesis 3-19 

3-11 Receiver Signal Budget 3-20 

3-12 Receiver Detailed Block Diagram . 3-21 

3-13 Controller Block Diagram 3-24 

3-14 Controller Px'ogram 3-25 

3-15 MMT Control Panel 3-35 

3-16 MMT Signal Monitor Panel 3-39 

3-17 MMT/MTAR Power Supply Chassis 3-40 

3-18 MTAR Receiver-Transmitter, Front and Top Views 3-42 

3-19 MTAR RT Block Diagram 3-43 

3-20 MTAR Signal Processor, Front and Top Views 3-45 

3-21 MTAR VHF/UHF Synthesis 3-48 

3-22 MTAR Control Panel . 3-5C 


ix 


nST O J ILLUSTRATIONS (Contimed) 

Tigure Page 


3-23 MTAR Signal Monitor Panel .... 3-54 

3-24 Back-to-Baok Test Setup 3-55 

3-25 MMT Error Rate Setup . 3-56 

3-26 MTAR Error Rate Setup 3-56 

3-27 MX 270B Bit Error Rate Analyzer 3-57 

3-28 MX 270B Functional Block Diagram .................... 3-58 

3- 29 linkabit LV7015 3-59 

4- 1 Basic Signal Processor Chassis Coiifigui'ation 4-3 

4-2 Power Supply Cooling Technique 4-6 


X 



SECTION I 
INTRODUCTION 


1.1 PROGRAM BACKGROUND 

To provide a virtual real time data acquisition and traoldng capability, the 
TDRS system concept was developed by NASA . This capability would be used by low, 
medium, and high-data-rate users consisting of maimed and unmanned scientific 
satellites. The TDRS system would provide the data acquisition and tracldng capability 
for those manned and unmanned missions whose orbits were less tlian 5,000 kilometers. 

Currently, unmanned scientific satellites are supported by the STDN 
(MSPN imified with STADAN) network consisting of ground stations strategically located 
on the globe . These stations are connected to a communications center, at the Goddard 
Space Flight Center, through NASCOM facilities. Manned missions are also supported 
by STDN. A second network, the Deep Space Network (DSN), also services NASA. 

The DSN is operated by JPL, services deep space exploration missions and can be 
used as backup for manned missions. 

Subsequent to the Initial Phase A study wliich established important TDRSS 
concepts, NASA-Goddard contracted several detailed VHF linic communications studies . 
Among these were; (1) the multipath modulation study conducted by Magnavox under 
Contract NAS5-10744, (2) the multipath modulation study conducted by Heldmian 
Laboratories under NAS5-10749, and (3) the VHF communication study for low-data- 
rate users conducted by Hughes Aircraft under Contract NAS5-11Q02. As a result, 
two prime candidate systems evolved. Pseudonoise modulation was recommended 
by Magnavox and Hughes while adaptive burst conimmiications (ABC) were recommended 
by Heldmian. Hughes considered a narrowband forward lini^ "with a wideband return 
Hnlc, wMle the Magnavox considered a narrowband PN forward linl^ and options of 
either ■wideband or narrowband PN return Knlcs . 
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NASA issued to industry an RFP, dated R4ay 1971, for a configuration and 
trade-off study of tlie TDRS system. Subsequently, two contractors, North American 
Rocicwell and Hughes Aircraft, wei-e awarded system trade-off studies. Next, NASA 
issued an RFP for a multimode transponder to be used on board a low-date-rate, 
unmanned, scientific satellite. Shortly aftenvard tins RFP was amended to permit 
the design of a multimode transponder for installation and use on board an aircraft 
simulating a user spacecraft as part of a TDRS system. On March 1, 1972, a contract 
(NAS5-20330) for the design and development of a multimode transponder was awarded 
to Magnavox Research Laboratories , 

In June 1972, MRL presented to NASA the results of the Phase I portion 
of the Multimode Transponder development program. It included the system analysis 
iised to identify hardware parameters, identified all Imown technical problems 
associated witli hardware implementation and provided a complete multimode trans- 
ponder design. 

In SeptemiDer 1973, acceptance testing of the Multimode Transponder and 
its associated test equipment was successfully completed. The VHF/UHF antenna 
developed under Phase H of the contract was shipped to NASA -Goddard Space Flight 
Center. The Multimode Transponder equipment was placed in bonded stores at 
ME^iavox pending completion of TDRSS test plans. 

In October 1973, preliminary meetings were held to discuss modification 
of the Multimode Transponder to convert to S-Band RF frequencies and to interface 
with an Adaptive Groimd Implemented Phased Array system for system integration 
testing at the Applied Physics Laboratory of Johns Hopldns University. 

In May 1974, Magnavox began the redesign and modification of the Multi- 
mode Transponder equipment to S-Band frequencies under amendments to Contract 
NAS5-20330 . Tins report describes the completed equipment as modified for laboratory 
simulation of the TDRS system. 

In September 197S, the S-Band Multimode Transponder equipment v^as 
delivered to the Applied Physics Laboratory of Johns Hopldns Universify for acceptance 
testing and interface with an Adaptive Ground Implemented Phased Array (AGIPA) 
system. The TDRSS laboratory simulation testing is in progress at this writing. 
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BASIC TDRSS CONCEPTS 


The Tracldng and Data Relay Satellite (TDRS) system concept considers 
use of two relay satellites. One TDRSS satellite is located at 14 degrees west, tlie 
other at 144 degrees west resulting in a total separation of 130 degrees . The two 
TDRSS satellites are active repeaters (amplifiers) . The forward linlc is defined as 
the link from the ground station to TDRSS to user spacecraft, the retmm linlc is from 
user to TDRSS to groxmd station. Forward user-TDRSS linlcs and return user-TDRSS 
linlrc; are S-band frequencies on. TDRSS-groxmd station links are in the Ku baaid. 

Unmanned scientific satellites are required to dump accumulated data 
upon command as tliey pass over designed groimd stations . Scientific data is 
accumulated on board by means of tape records and is transmitted to the appropriate 
groimd station at greater than real-time speed . The TDRS system will circumvent 
the need for on-board recorders by proviclii^ essentially real-time data transfer and 
traclcing commands for user spacecraft. 

In addition to providing forward and return Imlc data transfer, the TDRS 
system must provide real-time traclcing of range and range-rate measurements of the 
spacecraft users . Tins can be accomplished through the use of one or two TDRS 
systems. Simultaneous tracldng of a user with both TDRS system is accomplished 
when the user is in the field of view of both TDRS systems. 

Regardless of tracldng techniques used, the range and Doppler tracldng 
uncertainty requirements below have been applied in the TDRSS configuration. 

Systematic Range Errors 

Less than 100 meters 

Random Range Errors 

Less than 15 meters 

Doppler Uncertainties 

Systematic 10 centimeters per second 

Random Range Rate Errors 

Ten centimeters per second for a Doppler observation interval of one 
second or one centimetei’ per second for a Doppler observation of 
10 seconds. 
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1.3 


PROGjRAM objectives — S-BAND MODIFICATION 


The purpose of this effort was to provide NASA with a design and an 
engineering model of an S~Band Multimode Transponder and its associated ground 
support equipment. The transponder will demonstrate the modulation techniques 
specified herein. The Multimode Transponder will provide the required information for 
the design of an S-Band transponder suitable for installation on a low altitude (5000 1cm 
or less) earth orbiting satellite, capable of operating as part of a Tracldng and Data 
Relay Satellite (TDRS) system consisting of one or more geosjmchronous satellites 
together with the associated ground equipment. 

The transponder shall be designed, to the extent possible, to minimize 
weight, power consumption and cost. ReKablliiy, shock and vibration speoiB-oation 
shall be consistent with standard commercial specifilcatious . The transponder shall 
be designed to meet all the electrical performance requirements of a space flight 
model, but not the packaging, reliability and space qualifications of a space flight 
model. 

The Multimode Transponder (MMT) along with the associated ground 
support equipment (MTAR) will be designed to demonstrate the following modulation 
techniques; 

EQRWARD LINK 

SQPN - STAGGERED QUADRIPHASE PN MODULATION 
EREQUENCY HOP PREAMBLE FOR ACQUISITION 
218 CTUP PN CODE LENGTH 

RETURN LINK 

SQPN - STAGGERED QUADRIPHASE PN MODULATION 
218 cmp CODE - TRANSPOND MODE 
215 CHIP PN CODE — RETURN ONLY MODE 
ASYNCHRONOUS DATA MODE 
DUAL DATA MODE 

CONVOLUTIONAL ENCODING AND DECODING 

SYSTEM 

S-BAND TRANSMIT AJSTD RECEIVE 
AGIPA INTERFACE 
DOPPLER CORRECTION 
RANGE CORRECTION 
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The following functions will he simulated with various combinations of the transponder 
subunits and associated ground equipment; 

a. Receptionj demodulation, and delivery to the user spacecraft of 
command signals received by the transponder via the forward link. 

b. Acceptance, modulation, and transmission via the return hnlc of the 
telemetry data generated by the spacecraft user . 

c . Reception via forward link, processing on board, and retransmission 
via return link of coded signals suitable for ranging and range-rate determination, 

1.4 REPORT CONTENT 

Section I of this report contains the historical bacl?ground for the TDRSS 
Multimode Transponder program and briefly outlines the objectives and tasks associated 
with the program. 

Section n presents the TDRSS Multimode Transponder equipment configura- 
tion, It summarizes the modes of operation and provides a basic functional description 
of the equipmeni, and provides the rationale for some of the design features , 

Section in contains a detailed functional description of the TDRSS Multi- 
mode Transponder design winch consists of two major groupings of equipment; namely, 
the Multimode Transponder equipment (MMT) and Multimode Transponder and 
Receiver equipment (MTAR) . 

Section IV provides a detailed mechanical description of aU major assem- 
blies. Equipment capability with respect to environment and interface are discussed 
and size, weight and power specifications are included. 

Section V presents the resulting equipment characteristics and performance. 
The equipment specification has been updated to include all contract modiELcatious. A 
copy of the acceptance test data is included. 

Section VI includes the conclusions and recommendations for future 

application. 
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SECTION n 

SYSTEM DESCEIPTION 


System concepts for the TDESS Multimode Transponder equipment are 
described in this section. The terminal equipment configurations are shown, the 
various modes of operation are summarized, and a basic functional description i 
presented to provide insight to tlie system concepts which are presented in the latter 
portions of this report. This section also describes the operational procedures for 
the equipment and provides a rationale for many of the design features . 

2.1 EQinPMENT CONFIGURATION 

2.1.1 MTAR EQUIPMENT 

The complement of equipment whiGh comprises f^ie Multimode Trans noitter 
and Pteceiver (MTAR) equipment is depicted in figure 2-1 . This equipment performs 
the functions of transmit and receive equipment for an eventual TDRSS ground station. 
The MTAR equipment group consists of seven major chassis: (1) Control-Display Panel, 

(2) Signal Processor, (3) Receiver-Transmitter, (4) power Supply, (5) MK 270B Bit 
Error Rate Analyzer, (6) Signal Monitor Panel and (7) LV7015 Convolutional Encoder- 
Viterbi Decoder. 

2.1.2 MMT EQUIPMENT 

Figure 2-2 reveals the configuration of the Multimode Transponder (MMT) 
equipment. This group of equipment simulates the functions of a transponder which 
will be part of an eventual TDRSS user transponder satellite. This equipment group 
consists of six major assemblies; (1) Power Supply, (2) Receiver-Transmitter, 

(3) Signal Processor, (4) Control-Display Panel, (5) MX 270B Bit Error Rate Analyzer 
and (6) Signal Monitor Panel. 
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2.1.3 


SYSTEM TEST INTERFACE 


The MMT and MTAR equipments are designed to be used in a laboratory 
simulation of the TDRS system. The MMT represents the functions that could be 
implemented in a multiple access user transponder operating at S-Band. The MTAR 
represents compatible ground station transmit and receive functions. Figure 2-3 
depicts the MMT and MTAR relationships for TDRSS simulation. 

The setup for TDRSS simulation tests at Applied Physics Laboratory is 
shown in figure 2-4. The diplexer shown is part of the MMT equipment. The antenna 
shown connected to the MMT diplexer is part of the laboratory equipment. Althoi^h 
not shown, the MTAR equipment includes a diplexer and S-Band circuitry for MMT/ 
MTAR back-to-backtesting. The MMT and MTAR equipments use the MX 270B to 
generate and analyze digital data for measurement of link performance in terms of 
bit error rates . 


TDRSS 
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UNCLASSIFIED 


Figure 2-3 . TDRSS Configuration 
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Figure 2-4. TDRSS Simulation 
2.2 SYSTEM OPERATION 

The MMT /MTAR operational parameters were designed to provide NASA 
with flexible laboratory equipment for TDRSS simulation testing. The operational 
modes and selectable data rates represent an S-Band multiple access user. The code 
and data rates are a compromise resulting from the economical in^lementation of the 
S-Band modification of the earlier VHF/UHF equipment. 

2.2.1 CONTROL FUNCTIONS 

The selectable modes of operation include modulation mode, link mode, 
data rates and data modes on the return linic. The forward link is the transmission 
from the MTAR to the MMT . The return linic is th' transmission from the MMT to 
the MTAR, The carrier frequencies for the fomvard and return Unlcs are shown in 
fig nve 2-5 . The MMT and MTAR may be operated directly back-to-back using the 
S-Band diplexer shown on the MTAR, 
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Figure 2-5. Frequencies Plan 

The control panel selectable modulation modes are PSK, SQPN and TEST. 
The PSK mode is phase shift ke 3 dng where the digital data is biphase modulated on the 
RF carrier. 

In staggered quadripliase pseudonoise (SQPN) modulation mode a frequency 
hop preamble is used in the forward Unit for signal acquisition. The equipment auto- 
matically switches from frequency hop to SQPN . The SQPN mode does not employ an 
acquisition preamble on the return Unk. The TEST mode holds the forward Unit in 
frequency hop mode for testing purposes . 

The control panel selectable Unit modes are coherent transpond, non- 
coherent traiispond and return only. In coherent transpond the MMT does a coherent 
carrier and code turnaround of the MTAR signal. Range and range rate measurements 
can be made in coherent transpond mode . Noncoherent transpond mode uses separate 
carrier and code oscillators for the return link. The estabUshed return link is 
preserved when the forward Unk is dropped to go service another user. The return 
only mode enables the MMT to estabUsh the return Unit without the necessity of 
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acquiring the forward linlc each time. The return only mode makes use of a code short 
enough for the MTAR receiver to search the entire length of the code. Since the forward 
Unlc {in SQPN) always uses the frequency hop preamble for signal acquisition, the linl< 
mode selection really determines the cliaracteristics of the return linlc. 

The forward and return link data rates and data modes are shown in 
figure 2-6 . The foru'ard linlc modulates a single data stream which is sjmchronous with 
the SQPN code . The return linlc can modulate single or dual data simultaneously with 
capability to demodulate only one data stream in the MTAR receiver. The data can be 
either synchronous or asynchronous with the SQPN code. Convolutional encoding can 
be applied to the return link data for evaluation of the bit error rate improvement with 
encoding . 


FORWARD LINK 

(COMMAND) 


DATA RATES 

234.375 BPS 
468,750 BPS 
937.500 BPS 
VOICE (PDM 10 KHZ) 


SINGLE DATA STREAM 
SYNCHRONOUS WITH PN CODE 


275-S09 

UNCLASSIFIED 



MMT 


RETURN LINK 

(TELEMETRY) 


DATA RATES 


937.5 BPS 
10K BPS 
30K BPS 
80K BPS 


xawtTH 

ENC0D(N6 


VOICE (PDM 10 KHZ) 


MODES 

SINGLE/DUAL 

SYNCHRONOUS/ ASYNCHRONOUS 
CONVOLUTIONAL ENCODING 


MTAR 


Figure 2-6. Data Rates and Modes 
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2 . 2.2 


OPERATIONAL PROCEDURES 


The MMT and MTAR equipments were designed for laboratory simulation 
of TDRSS operation. With the JMMT simulating a user spacecraft each control panel 
switch setting represents the command status sent via the forward linlc. The MTAR 
control panel settings would be selected by station personnel in a TDRSS ground 
terminal. Both range and range rate corrections are applied at the ground terminal 
to simplify the spacecraft hardware. 

The MMC and jVFTAR controls were designed for the following operational 

scenario. 

2. 2. 2.1 Forward Linic 

The acquisition sequence on a forward link of the multiple access service 
is as follows! 

a. Ground station directs a transmit beam from TDRSS to user. 

b. Inserts user address which selects preamble hopping code and the 
subsequent PN code to be transmitted. 

c . Inserts a priori range rate information (doppler estimates plus 
estimate of satellite VCO offset due to long term drift) . 

d. Transmit PH preamble for 16 seconds and switches to PN mode. 

e. Meanwhile, satellite receiver, upon acquiring FH signal, switches to 
PN mode and begins a PN search, acquires and subsequently establishes a PN track 
mode. 

f . Ground station transmits command data. 

2. 2. 2. 2 Return Link 

The acquisition sequence on a return linlc of a multiple access service is 

as follows: 

a. Perform forward linlc acquisition. 

b . User receives a command message: (1) If command message does 
not request a return link response, no return mode occurs . (A return linlc nmy already 
be established.) (2) If the command message requests a coherent transpond mode, all 
transmit frequencies are synthesized from the receiver VCO, (3) If the command 
message requests a noncoherent transpond mode, all trfmsmit frequencies are ssrnthe- 
sized from a fixed frequency reference oscillator. 
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c . In coherent transpond mode, the return linlc transmit PN coder is 
synchronized to the receiver PN code and, if applicable, the return linli antenna is 
pointed and a PN transmission bi^ins . 

d. AGIPA is siqjplied with pointing information for initial acquisition. 
Meanwhile, the ground receiver gets a range and range rate estimate and begins a 
PN search. 

e. When PN acquisition is accomplished, a two way range and range 
rate measurement is made in a coherent transpond mode. 

f . After return linlc acquisition is completed, a command word is sent 
to the user to begin a telemetry data dump. 

g . If the return link is to be retained when the fonvard linlc is dropped 
to go service another user, then a command message is sent to put the user space- 
craft in noncoherent transpond mode. 

2. 2. 2, 3 Return Only Linlc 

After forward linlc acquisition, the user spacecraft can be commanded to 
the return only mode in which the return link transmission is initiated by the user . 

a. Perform forward linlc acquisition. 

b. User receives command message for return only mode. 

c. Ground terminal receiver is switched to return only mode. The 
receiver uses a short PN code sequence and searches tlie entire code length. 

d. Return link transmission and data dump is controlled by user. 

e. Ground receiver searches until PN signal is acquired and demodulates 

data. 

f . When the user ends a transmission, the ground receiver goes back to 
a continuous search mode . 
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2.3 BASIC FUNCTIONAL DESCRIPTION 

The Multimode Transponder (MMT) and Multimode Transmitter and 
Receiver (MTAR) equipments are designed to form a two-way digital communications 
linl< for lalDoratory simulation of the TORS system. The back*to-back equipment 
configuration is shown in figure 2-7. The forward linit is defined as the transmission 
from the MTAR transmitter to the MMT receiver. The return link is defined as the 
transmission from the MMT transmitter to the MTAR receiver . In addition to the 
S-Band links shown two of the origiml VHF/UHF frequencies were preserved for 
interface to the TDRSS laboratory equipment. 



1175-5790 
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Figure 2-7, Two-Way Digital Communications Link 
for Laboratory Simulation 
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2.3.1 


MTAR FUNCTIONAL DESCRIPTION 


Tlie MTAR simplified black diagram is shown in figure 2-8 , A digital data 
stream representing forward link command s'ata is modulated on an RF carrier 
synthesized from either an internal osciHator or an external frequency reference . The 
transmit signal can be used directly at 401 MHz or converted to S-Band (2106.40625 MHz) . 
The receiver demodulates tlie return linl^ data stream which represents telemetry data 
from a user spacecraft. The receiver can demodulate cither the S-Band sigiml 
(2287.5 MHz) or a 137 MHz signal. 

In the MTAR, five receive local oscillator signals and three transmit LO 
signals are syntheiszed. The transmit and receive IF clmins are shown in figure 2-9 . 

The receive LO's are synthesized from the carrier track VCO inthe receiver. 

2.3.2 MMT FUNCTIONAL DESCRIPTION 

The MMT simplified block diagram is Bho^vn ia figure 2-10 . The command 
data is demodulated from the received forward linlc signal. The forward linli S-Band 
signal is centered at 2106 .40625 MHz . The transmit RF carrier frequency of 2287 .5 MHz 



Figure 2-8 . MTAR Simplified Block Diagram 
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DATA 


67.750 


333.250 MHz 


1705.40625 



2106.40625 


TRANSMITTER 

LOCAL 



TELEMETRY 

DATA 
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RECEIVER 


Figure 2-9 . MTAR Transmit and Receive IF Chains 
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Figure 2-10. MMT Simplified Block Diagram 
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is synthesized from either the receiver VCO or an internal oscillator. Digital 
data representing telemetry data is modulated on the return link carrier. 

In the MMT five receiver local oscillator signals and two transmit LO 
signals are s 3 rathesized. The transmit and receive IF cliains are shown in figure 2-11. 


137 2150.5 




COMMAND 

DATA 


1175-5793 

U!NtCLASS1FJED 


RECEIVER 


Figure 2-11. MMT Transmit and Beceive IF Chains 
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2.4 


SYSTEM DESIGN 


Rationale for the TDRSS Multimode Transponder System design is presented 
in tliis section. The concepts for the pertinent implementation techniques are described 
and many of the important operational sequences are summarized in the following 
discussions . 

2 .4 . 1 DESIGN PARAMETERS 

The design parameters used for the modification of the MMT/MTAR equip- 
ments to simulate the TDRS system are listed below . 

FORWAPJ LINK - WAVEFORM PARAMETERS 

PREAMBLE: 


TYPE 

CODE GENERATION 
CODE PERIOD 
HOP RATE 
SPACING 

REPETITION INTERVAL 
PN MODULATION: 

TYPE 

CODE FAMILY 

CODE PERIOD 
PN CHIP RATE 
REPETITION INTERVAL 

PSK MODULATION; 

TYPE 


PSEUDORANDOM FREQUENCY HOP 

PRIMITIVE ROOT 

256 HOPS 

2.5 IcHz 

10.0 kHz 

102.4 MS 


SQPN - STAGGERED QUADRIPHASE 
PSEUDONOISE 

MAXIMAL CODE PAIRS AUGMENTED BY 
ONE CHIP 

2^® CODE CHIPS 

2.56 MHz 

102 .4 MS 


PSK - BIPHASE PHASE SHIFT KEYING 
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FORWARD LINK - RF SIGNAL PARAMETERS 


TRANSMIT 
FREQUENCY 
SIGNAL LEVEL 
BANDWIDTH 


OUTPUT FROM MTAR 

401 MHZ (WITH DOPPLER COMPENSATION) 
-4 dBm 
5 MHz 


RECEIVE 

FREQUENCY 

FREQUENCY UNCERTAINTY 

NOISE FIGURE 

MAXIMUM SIGNAL 
PLUS NOISE 

MINIMUM SIGNAL 


INPUT TO MMT 
2106.40625 MHz 

700 Hz NOMINAL, 3000 Hz MAXIMUM 
5.0 dB MAX 
-100 dBm 

-136 dBm 


FORWARD LINK - DIGITAL DATA PARAMETERS 


COMMAND DATA: 


MODULATION 

RATES (CONTROL PANEL 
SWITCH SELECT) 


WORD LENGTH 
EXTERNAL INTERFACE 

DATA CLOCK: 

TX CLOCK 
RX CLOCK 

EXTERNAL INTERFACE 


SYNCHRONOUS BIPHASE DIFFERENTIAL, 
NRZ-M 

234.375 BPS 
468.75 BPS 
937.5 BPS 
lOK PDM VOICE 
MX 270 FOR TESTING 
TTL COMPATIBLE 


SYNCHRONOUS, MTAR SUPPLIED 
SYNCHRONOUS, MMT SUPPLIED 
TTL COMPATIBLE 
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RETURN LINK — WAVEFORM PARAMETERS 


PN MODULATION: 

TYPE 

CODE FAMILY 
CODE PERIOD 

PN CHIP RATE 
REPETITION INTERVAL 

PSK MODULATION: 

TYPE 


SQPN - STAGGERED QUADRIPEASE 
PSEUDONOISE 

MAXIMAL CODE PAIRS AUGMENTED BY 
ONE CHIP 

2^® CHPS - TRANSPOND MODE 

1 K 

2^^ CHIPS - RETURN ONLY MODE 
2.56 MHz 

102.4 MB - TRANSPOND MODE 
12.8 MS - RETURN ONLY MODE 

PSK - BIPHASE PHASE SHIFT KEYING 


RETURN LINK — RF SIGNAL PARAMETERS 


TRANSMIT 
FREQUENCY 
SIGNAL LEVEL 


OUTPUT FROM MMT 
2287.5 MHz 
"25 dBm 


RECEIVE INPUT TO MTAR 

FREQUENCY 137 MHz (WITH DOPPLER COMPENSATION) 

FREQUENCY UNCERTAINTY 700 Hz NOMINAL, 3000 Hz MAXIMUM 

SIGNAL LEVEL -100 dBm 

BANDWIDTH 5 MHz 


RETURN LINK — DIGITAL DATA PARAMETERS 


TELEMETRY DATA: 


MODULATION 
SINGLE DATA INPUT 
DUAL DATA INPUT 


SYNCHRONOUS OR ASYNCHRONOUS BIPHASE 
DIFFERENTIAL, NRZ-M 

BIPHASE DATA MODULO-TWO ADDED TO 
BOTH CODES OF THE MAXIMAL PAIR 

EACH OF TWO DATA STREAMS MODULO-TWO 
ADDED TO INDIVIDUAL CODES. SELECT ONE 
DATA STREAM FOR DEMODULATION AT 
THE MTAR 
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EATES (CONTROL PANEL 
SWITCH SELECT) 


WORD LENGTH 
EXTERNAL INTERPACS 

DATA ENCODING; 

TYPE 

CONSTRAINT LENGTH 
CODE RATE 

DATA DECODING; 

TYPE 

MTEEPACE 

DATA CLOCK: 

TX CLOCK 

RX CLOCK 

EXTERNAL INTERFACE 

AGIPA TOTERFACE 

TRANSMIT (FORWARD LINK) 
FREQUENCY 
SIGNAL LEVEL 
BANDWIDTH 
IMPEDANCE 
CONNECTOR 


937. 5 BPS 
lOK BPS 
3 OK BPS 
80K BPS 
lOK PDM VOICE 
MX 270 FOR TESTING 
TTL COMPATIBLE 


Without 

Encoding 


1875 BPS 
20K BPS 
60K BPS 


With 

Encoding 


CONVOLUTIONAL, NONSYSTEMATIC, 
TRANSPARENT 


7 

1/2 


EXTERNAL USING IINKABIT CORP. 
MODEL LV7015 VITERBI DECODER 

3 BIT QUANTIZATION 
(FOR SOFT DECISION DECODING) 


SYNCHRONOUS, MMT SUPPLIED 
ASYCHRONOUS, USER SUPPLIED 

SYNCHRONOUS OR ASYCHRONOUS, MTAR 
SUPPLIED 

TTL COMPATIBLE 


OUTPUT FROM MTAR 

401 MHz 

-4 dBm 

5 MHz 

50 OHMS 

SMA 
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RECEIVE (RETURN IINK) 

INPUT TO MTAR 

FREQUENCY 

137 X4HZ 

SIGNAL LEVEL 

-100 dBm 

BANDWIDTH 

5 MHz 

IMPEDANCE 

50 OH3VIS 

CONNECTOR 

SMA 

LOCAL REFERENCE 

OUTPUT FROM MTAR 

FREQUENCY 

10.75 MHz 

SIGNAL LEVEL 

-10 dBm 

BANDWIDTH 

5 MHz 

IMPEDANCE 

50 OHMS 

CONNECTOR 

SMA 

FREQUENCY REFERENCE 

INPUT TO MTAR 

FREQUENCY 

5 MHz 

SIGNAL LEVEL 

0 dBm 

IMPEDANCE 

50 OHMS 

CONNECTOR 

SMA 

IN SYNC (DATA ON) 

OUTPUT FROM MTAR 

SIGNAL LEVEL 

TTL (LOW = SYNC) 


SN75110 DRIVING TWISTED PAIR 

DIGITAL DATA CLOCK OUTPUT FROM MTAR 

TTL - SN75110 DRIVING TWISTED PAIR 

2.4.2 MODULATION TECHNIQUES 

The MMT/MTAR equipments use three types of modulation for the forward 
and return Unit communications signals , The PSK mode is conventional biphase phase 
shift keying. The SQPN is staggered quadriphase pseudonoise. The frequency hop 
preamble used for forward linlc acquisition is a distinct modulation t3qje even though its 
only function is to aid the SQPN link acquisition. 

2.4. 2.1 Frequency Hop 

Frequency hop modulation is used to shorten the time required to establish 

an SQPN forward linlc. Assuming there is no prior real-time code relationship the 
18 

entire 2 chip or 102 .4 ms time uncertainly must be resolved. At a search rate of 

18 

50 cMps per second it could take 87 minutes to search the entire 2 chip code length. 
Use of the frequency hop preamble reduces the forward link acquisition time to 
15 seconds. 
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2 . 4 . 2 . 1 . 1 Frequency Hop Acquisition 


The frequency hop preamble shortens acquisition time by dividing the PN 
code sequence into 256 discrete time slots. The PN code sequence is ssmchronized to 
the hop sequence as shown in figure 2-12. For example, frequency hop period number 
one is coincident with the first 1024 chips of the PN code sequence. 

Hop search occurs at the same rate as PN code search. When the frequency 
hop mode resolves the transmit-receive time uncertainty to witMn one hop frequency 
slot, the maximum PN code imcertainiy is reduced from 262, 144 cliips to less than 
1024 chips. This is done in the time it would take to search 256 PN code chips. After 
the transmitter switches from hop mode to PN mode, the receiver searches out the 
remaining time uncertainty. 

Since PN synchronization requires fall coincidence, the switch to PN from 
a condition of 25 percent hop coincidence would require the PN search to move the 
receive code 300 microseconds (3/4 hop) later in time. At a search rate of 50 chips 
per second, this would take over 30 seconds for two search passes . After hop coinci- 
dence is declared the MMT enables a hop track loop for 5 seconds before switching to 
PN . The hop track reduces the time difference to less than 20 microseconds. The 
PN search of j^^64 chips talces approximately 5 seconds for two passes . Thus the hop 
track implementation results in a net acquisition time improvement of up to 20 seconds. 

2 . 4 . 2 . 1 , 2 Frequency Hop Signal 

Tlie frequency hop signal consists of a timed pseudorandom sequence of 
carrier frequencies. The frequency spacing is 10 kHz with 128 frequencies above the 
nominal carrier frequency and 128 frequencies lower than the nonainal carrier frequency. 


MASTER RESET 
PN CODE SEQUENCE 


n 


-if- 


2^® CHIPS 




HOP SEQUENCE 



FREQ 
SLOT 25B 




FREQ 

SLOT1 



FREQ /f 

SLOT 2 


FREQ 
SLOT 255 


FREQ-*-[- ^ ' 
55 I SLOT 25S' 


FREQ 

SLOT1 




102.4 MS 
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Figure 2-12. Hop and PN Code Timing 
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Each frequency is held for 400 microseconds so that the 256 step sequence is repeated 
every 102,4 milliseconds. 

In the MMT/MTAR implementation it was found tliat mth a nainimal 
addition of liardware the time uncertainty for the PN search to resolve could be 
reduced from 300 microseconds to approximately 20 microseconds. The hop seai'ch 
is in 1/4 hop period steps. With a strong signal input the sequential detector can 
declare hop sync and stop search %vith only 1/4 hop period coincidence as shown in 
figure 2-13 . In figure 2-13 assume tliat the receive loop sequence was searched to 
the point shown by moving from left to right 1/4 hop at a time. 

The carrier frequency offsets are accomplished by using a digitally con- 
trolled vector addition to rotate the plmse of the modulator output. The rate of vector 
rotation determines the offset from the nominal carrier foequency . By using two 
balance modulators with an inphase and a quadrature carrier eight different output 
carrier pliases can be obtained, Figime 2-14 shows the sequence of carrier vector 
rotation. 

The I and Q are quadrature carriers whose amplitudes are either 1 or 0 and 
whose phases are either 0® or 180® , depending on the desired phase shift of I+Q. To 
phase modulate the output carrier by 360°, we simply carry out the addition steps 1 to 
8 as indicated. For -360° modulation, we reverse the order of steps (i.e., 8 to 1). In 
any case, the stepping rate determines the amount of frequency offset from an unmodu- 
lated carrier . Because I and Q are constant-amplitude sinusoids, 1+ Q will liave a 
3-dB amplitude variation but tins is removed by putting the output tlirough a limiter. 
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SLOTS 

I 1 1 

SLOTS 

1 1 1 
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Figure 2-13 , Stroi^ Signal Hop Coincidence 
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rigm'e 2-14. Carrier Pliase Rotation 

The implementation to carry out the vector addition of I and Q is shown 
in figure 2-15, The balance modulators generate the two phases, 0® and 180® , of the 
quadrature carriers which are gated to the I and Q summation in accordance with the 
vector diagram. In frequency hop mode. Cl, C2, G1 and G2 are logical functions 
of a 3-bit U/D counter’s content which represents the eigiit vector steps. The eight 
steps are clocked in sequence with the signals to the modulator gated in the following 
manner: 


Cl 

C2 

G1 

G2 


f 1 for steps 1, 2, 8 
1 0 otheirwise 

( 1 for steps 2, 3, 4 
^0 othenvise 

f 1 (open switch) for steps 3, 7 
(0 (close switch) otherwise 

f 1 (open switch) for steps 1, 5 
\0 (close switch) otherwise 


G1 

Cl 


CARRIER 


C2 

G2 



MOD. 

CARRIER 


9T4-77£3 
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Figure 2-15 . Modulator for FH and SQPN 
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Tlie sequence of offset frequencies or rates of vector rotation are stored 
in a 256-word programmable memory. Tlie liop sequence code was generated by the 
primitive root teclmique. The teclmique is based on the existence of a primitive root g 
such that the sequence g^ forms N distinct numljers modulo p . The sequence lias a 
period N = p-1 . The frequency hop code for the MMT/MTAR uses the prime number 
257 to generate a 256-word sequence using the primitive root 27. The sequence is 
listed below witli a few of the carrier offset frequencies. 

Frequency Carrier 

Slot Number Offset Frequency 

+ 10 ItHz 

+ 270 IcHz 

- 870 kHz 

- 230 kHz 

- 940 liHz 
+ 830 IcHz 


+ 1040 kHz 
-1100 I^Hz 

2, 4. 2. 2 Staggered Quadripliase Pseudonoise 

The modulator implementation used for frequency hop can be easily 
adapted for use with staggered quadripliase pseudonoise (SQPN) modulation. To use 
the modulator in figm'e 2-15 for SQPN we close the switches at the outputs of the turn 
balance modulators and replace the Cl and C2 hop codes vdth two pseudonoise codes . 
Since all of the signals mentioned are TTL digital signals, the addition of a few logic 
gates will allow conversion from one mode to the other at the flip of a switch. 

The staggered quadriphase pseudonoise waveform is generated by summing 
two biphase modulated quadrature carriers which liave been modulated by two PN 
sequences displaced 1/2 cMp with respect to each other . Figure 2-16 shows the SQPN 
implementation with the addition of a half cMp delay for one of the codes . The PN code 
delay is part of the digital conversion for SQPN modulation and is not used in frequency 
hop mode. 


1 

2 
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5 

6 


255 

256 
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Figure 2~16. Staggered Quadriphase Pseudonoise 

Figure 2-16 shows the resulting carrier pliase transitions for each 1/2 chip 
of iihe codes. The characteristics of the SQPN spectrum are obtained by limitii^ the 
maximum pliase change to 90° , As shown, the resultant pliase rotation can only be 
0 or 7t/2 during any code cliip transition. The SQPN sidelobes can be filtered to 
eliminate adjacent channel interference . The sidelobes are not regenerated after 
passage through a nonlinear device. 

2.4.3 RECEIVER DESIGN 

The basic MMT receiver is capable of detecting hop correlation with up to 
3 kHz of doppler offset, correcting for the doppler offset to witliin 100 Hz, performing 
a timed hop track, detecting SQPN correlation and tracldng both the carrier and the 
code . The signal acquisition sequence is determined by tlie program in the ^stem 
controller. The receiver functions are enabled by and provide decision feedback to the 
controller. 
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Both frequency hop and SQPN are coded time sequence modulations. The 
MMT receiver correlates or decodes the received signal by mixing it with a locally 
generated signal containing the same code sequence . When the locally generated 
signal is timed to line up with the code on the received signal, the mixer output is a 
narrowband signal containing the data modulation and doppler frequency offset of the 
received carrier . The mixer where this occurs is often referred to as the correlator . 
As shown in figure 2-17, the local reference signal is made by modulating the 15 MHz 
local oscillator sigpial •wdth either the hop sequence or the SQPN code. 
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Figure 2-17. MMT Acquisition and Track Configuration 




In tlie MMT receiver, tlie frequency Iiop signal is acquired first and then 
the receiver switches to SQPN. The search and track functions for hop and SQPN are 
different although some of the implementation is used for both modes . Both modes 
use the sequential detector to detect correlation. The sequential detector is a non- 
coherent detector using an integrate and dump technique to test for signal build up . 
When the sequential detector has looked for a sufficient length of time to determine 
that correlation has not been reached, a step pulse is sent to the controller. The 
controller sends a search pulse to the appropriate clock control wliich causes the 
locally generated code to precess the time equivalent to 1/4 of a code hit. When 
correlation is reached, the search stops and the controller advances to the next step 
in the acquisition sequence. 

The code tracldng for SQPN mode is derived from a correlator with the 
local reference signal present only for the code transitions. The early/Iate reference 
is gated on for 1/2 chip before and 1/2 chip after each state change of the code. The 
detected error signal corrects the clock VCO wMch provides the code clock reference 
frequency. The hop sequence tracldng compares the detected carrier signal with the 
hop clock for the locally generated sequence. The detected error signal corrects the 
clock VCO which drives the hop sequence generator. 

The signal demodulator portion of the MMT receiver is implemented with 
an acquisition sequence interface with the controller , The sequence of code search, 
track and automatic frequency correction is determined by the controller program. 

A fimctional block diagram of the MMT signal demodulator is shown in figure 2-18. 

This description follows the approximate sequence of events performed for signal 
acquisition. When the receiver is in the initialized condition waiting for the hop 
preamble, all three loop filters are dumped and the automatic frequency control (APC) 
function is disabled. At initialization a load zero offset command returns tbe AFC to 
tile nomi n al center frequency position. The controller performs hop search by retard- 
ing the relative time of the locally generated hop sequence by 1/4 hop slot each time 
the sequential detector dismisses and outputs a sequential step pulse. 

When the locally generated hop sequence is in coincidence with the received 
hop sequence, the sequential detector dechires sequential sync and stops putting out 
sequential step pulses . When the locally generated and received hop sequences are in 
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Figure 2-18. MIVIT Signal Demodulator 

coincidence, the carrier frequency offsets cancel out in the correlator mixer. The 
resultant IF signal has only the doppler offset of the received signal . In order to 
detect the signal at the required threshold level with up to 3 kHz of doppler, the 
sequential detector consists of five sections of 600 Hz bandwidth. The five filters 
cover the band from 0 to 3000 Hz. 

After the detection of hop coincidence, the hop loop filter is enabled. The 
hop search can stop the local hop sequence at any point from nearly complete hop time 
slot coincidence to less than 1/4 slot coincidence. With a strong signal 1/4 hop time 
coincidence is sufficient to declare hop coincidence (see figure 2-13). Near threshold 
full hop slot coincidence will be necessary for adequate signal build-up in the sequential 
detector . 
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The hop track detector compares the detected hop slot coincidence time 
with the hop clock used for the hop local reference signal. The filtered output of the 
hop track detector slews the clock VCO which provides the reference for the hop 
timing. As shown, in. figure 2-19, during the fixed hop track time the code loop filter 
and automatic frequency correction are disabled. The hop loop filter output is the only 
d 3 mamic spinal controlling the VCO at that time . The five seconds of hop track mode 
reduce the code time uncertairrfy to less than 20 miei’oseeonds . The hop track remains 
enabled until the doppler correction is completed. 

Next, the AFC is enabled to perform the doppler oorrectica. The maximum 
of +3 kHz of carrier doppler is resolved to within 100 Hz of nominal frequency. A 
correction voltage is applied to the carrier VCO which is the frequency reference for 
the local oscillator synthesis . Correction with appropriate scaling is also applied to 
the clock VCO which is the frequency reference for the hop code, PN code and data 
clocks. The AFC is implemented to detect the sign of the offset and step in 100 Hz 
increments from nominal to 3000 Bz, A detector stops the search to tell the controller 
that doppler correction is complete. The frequency discriminator output voltage will 
also be within the window of the detector with no receiver input signal. 

When doppler correction is completed, the controller switches from hop to 
SQPN mode. The local reference signal to the correlator is now the SQPN s^nal. 

While in hop, the SQPN code timing was derived from the hop sequence. Thus the hop 
mode reduced the time uncertainty between the received SQPN code and the locally 
generated SQPN code to less than 20 microseconds. When the MMT switches from hop 
mode to SQPN mode, the SQPN code timing is released from the hop timing in order 
to perform a bidirectional code search to resolve the remaining time uncertainty. 
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SECTION m 

FUNCTIONAL DESCEIPTION 


The Multimode Transponder (MMT) and the Multimode Transmitter and 
Receiver (MTAR) units functional description is provided in this section. 

3.1 GENERAL DESCRIPTION 

This section contains a description of the MTAR (simulated ground 
terminal) and the MMT (simulated user spaceci’aft) equipment developed for evaluating 
candidate modulation techniques and signal acquisition procedures for TDRSS. 

The MTAR equipment consists of five chassis plus data error rate test 
equipment and interconnecting catoles. 

a. The Receiver-Transmitter contains the RF to IF sections for both 
the receiver and the transmitter. 

b. The Signal Processor contains all circuits fi’cm IF to baseband for 
both the receiver and the transmitter, 

c. The Control Panel houses all mode selection switches and indicates 
the operational status of the equipment. 

d. The Monitor Panel provides input/output jacks for interconnection to 
external equipment and signal monitoring. 

e. The Power Supply provides all DC supply potentials to the other 
four diassis. 

The MMT equipment also consists of five chassis which are similar in 
function and appearance to the MTAR equipment. The MMT equipment includes data 
error rate test equipment and interconnecting cables. 

3 . 1. 1 MTAR EQUIPMENT 

The MTAR consists of a receiver and transmitter capable of operating at 
either VHF/UHF or S-Band frequency. The transmitter functional block diagram is 
shown in figure 3-1. The UHF output frequency is 401 MHz. For S-Band operation the 
401 MHz is coherently translated to 2106,40625 MHz. 
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Figure 3-1. MTAR Transmitter, Block Diagram 














The MTAR transmit carrier is syntliesized from a crystal controlled 
VCO wliich can be manually offset to compensate forDopplero In PSK mode digital 
data or PDM voice is balance modulated on tlie carrier. In SQPN mode the baseband 
data is balance modulated on the carrier via a staggered quadiiphase pseudo-noise 
technique. A frequency hop preamble is used to speed up the SQPN acquisition time 
for the forward linl?. For initial acquisition the MTAR transmits a frequency hop 
modulation for a fixed length of time and then switches to SQPN modulation. 

A clock VCO provides a stable frequency reference for the PN coder, 
the frequency hop sequence generator and the transmit digital data clock. The ti'ans- 
mit clock VCO can be manually offset to compensate for Doppler. The transmit codex’ 
puts out a range start pulse which represents the PN code all ones vector. The trans- 
mit code stai’t pulse is used with the receive code stop pulse to measure I'ound trip 
range (time) via the MMT coherent transponder. 

The MTAR I’eceiver fr'-otional block diagram is shown in figure 3-2. The 
MTAR I'eceiver can operate at either 137 MHz or 2287. 5 lilHz determined by appro- 
priate RF connections on the front panel. The carrier local oscillator signals are 
synthesized from the carrier VCO. 

The fouxiih mixer stage serves as tlie correlator in the SQPN mode of 
operation. The local reference circuitry balance modulates the receiver pseudo-noise 
codes with the 10. 75 MHz local oscillator signal. When the code on the received sig- 
nal is in phase with the locally generated code, a narrowband IF signal results. 

In the SQPN mode tlie code tracking loop keeps the receiver reference code 
in phase witli the code on the received signal. In the receiver, the incoming signal 
goes to a separate correlator and 1. 25 MHz IF amplifiex'. The local reference provides 
this correlator with an early-late code from wiiich a ti'acldng error signal is derived. 
The error* signal is filtered and drives tlie control line of the clock VCO. The clock 
VCO provides the fi’equency reference for both tlie code clodc and data clodc synthesis. 
The controller performs code search by advancing or x'etarding the code dock. In the 
conventional PSK mode the clock VCO and synthesizei* ax'e used to recover* the received 
digital data clock. 

The range correct function uses the range predict selected on the front 
18 

panel to pliase the 2 receive code with respect to the MTAR transmit code phase. By 
centexhng the receive coder search at the predicted round tx’ip pi-opagation time the 
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Figure 3-2. MTAR Receiver, Block Diagram 





search aperture and resultant return linlc acquisition time can be kept short. Range 

15 15 

correction is not applied to the 2 coder. The 2 coder is used in "retiu'ii only" 
mode where there is no coherent turnaround of the forward linlc signal. 

The anticipated Doppler frequency offset for the TDRS system is much 
greater than the carrier loop bandwidth. The coarse frequency correction is entered 
manually on the front panel using satellite ephemeris predict information. An auto- 
matic frequency control resolves ±3 kHz to allow for system and predict inaccuracies. 

The demodulated digital data is differentially decoded. Wlien in the con- 
volutional encode mode a soft decision interface outputs the encoded data to a Viterbi 
decoder. 

3.1.2 MMT EQUIPMENT 

The MMT functions as a ti'ansponder receiving the forwai-d linli signal trans- 
mitted by tlie MTAR and transmitting a return linlc signal back to the MTAR. In the 
coherent mode the MMT transmit carrier signal is synthesized from the receiver VCO 
tracking the received signal. In the noncoherent mode the MMT ti’ansmit cai'rier sig- 
nal is synthesized from an internal crystal controlled oscillator. 

The MMT receiver functional block diagram is shown in figure 3-3. In 
S-Band operation the receive signal is a nominal 2106.40625 MHz, The MMT receiver 
demodulates either the frequency hop modulation or the SQPN modulation. The fourth 
mixer stage serves as die coireiator for either modulation. Wlien tlie locally generated 
sequence (hop or PN code) is in phase with the received signal, a narrowband IF signal 
results. 

For initial forward link acquisition the MMT receiver searches in fi'equency 
hop mode until signal coi'relation is detected. In addition to hop search the controller 
directs the sequence of events necessary to complete the signal acquisition. After hop 
search stops, an automatic frequency correction is performed and the hop track func- 
tion is enabled. The hop trade brings the local reference and received signals to 
witliin 20 microseconds of each other. The receiver switches to SQPN mode and waits 
for the MTAR transmitter to switch to SQPN. Since the hop and SQPN codes are time 
related, the time uncertainty for SQPN search is on tire order of the 20 microseconds 
obtained by hop track. 

In the SQPN mode the code tracking loop keeps the receiver reference code 
in phase with the code on the received signal. A separate correlator and 1. 25 MHz IF 
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amplifier is used for code tracking. The local reference provides tliis correlator 
with an early-late code from wMch a tradting error signal is derived. The error sig- 
nal is filtered nnri drives the control line of tlie clock VCO to provide the frequency 
reference for both the code clock and data clock synthesis. The controller performs 
code search by advancing or I’etarding the code clock witli an IPM in the code clock 
synthesizer. In the conventional PSK mode the clock VCO drives a data clock IPM to 
recover the clock for the received digital data. 

The MMT implementation includes front panel manual frequency offset to 
compensate for simulated Doppler offsets set at the MTAR transmitter. A laboratory 
setup will simulate a Doppler frequency mtli a carrier offset rather than with actual 
relative motion of the transmitter and receiver. An automatic frequency conti’ol 
resolves ±3 kHz to allow for system inaccuracies. 

The MMT transmitter functional block diagram is shown in figure 3-4, 

The S-Band output frequency of the MMT transmitter is 2287. 5 MHz. The MMT trans- 
mit carrier is synthesized from eithei' the receiver VCO or an internal carrier oscil- 
lator. The clock for code and data clock synthesis comes from either the code track 
VCO or an internal clodc oscillator. 

In PSK mode, digital data on PDM voice is balance modulated on the 
carrier. In SQPN mode tlie baseband data is balance modulated on tlie carrier with a 

staggered quadripliase pseudo-noise technique. For coherent and noncoherent Unit modes 

18 15 

a 2 chip code length is used. Return only mode uses a 2 cliip code length. 

Convolutional encoding may be applied to the digital data transmitted on 
the return link. Return link ulgital data is differentiaily encoded. l\Tien the dual data 
mode is selected, a different data stream may be applied to each of the two balanced 
mixers in the SQPN modulator. In the synchronous data mode a data clock output 
di'ives the external data source. In the asynchronous mode an external data source 
must provide a data clock to tlie MMT, 

3.2 MMT (SIMULATED USER TRANSPONDER) 

The Multimode Transpondei’ (MMT) consists of a I’eceiver-transmitter 
chast'is, signal processor chassis, control panel, signal monitor panel and power 
supply chassis. Tliis section gives a detailed functional descrijition of each of these 
assemblies. The error x’ate test equipment used with the MMT is described in 
section 3.4. 
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3.2.1 


RECEIVER-TRANSMITTER CHASSIS 


The receiver-transmitter chassis contains the Mgh frequency elements that 
connect directly to an antenna with both transmit and receive signals. The transmit 
section of the RT chassis converts a modulated 137 MHz signal to the S-Band transmit 
frequency of 2287,5 MHz. The receive section amplifies and converts the 
2106. 40625 MHz signal to a 16, 25 MHz intermediate frequency. Figure 3-5 shows the 
front and top views of the MMT RT chassis. Figure 3-6 is a block diagram of the 
MMT receiver-transmitter chassis. 

The S-Band modification task of contract NAS5-20330 implemented the con- 
vei’sion of the original VHF/UHF fi’equencies to S-Band frequencies. The 137 MHz 
transmit signal is accessible by removing a front panel jumper cable. The 401 MHz 
receive input is also available by removing a fr'ont panel jumper cable. 

As shown in figure 3-6 the local oscillator for convi.rsion of the 137 MHz 
modulator output to S-Band is obtained by multiplying the 18. 7 MHz L. O. input by 115 
in a pltase lock multiplier. The 18. 7 MHz L. O, is coherent with the 137 MHz transmit 
carrier signal. Signal monitor jacks are provided for both the 137 MHz and 2287,5 MHz 
transmit signals. The 2287. 5 MHz monitor output is amplified to provide at least 
0 dBm signal power to drive a frequency counter. Individual power switches are 
mounted in the chassis for the transmit PLM and the transmit monitor amplifer to aid 
in isolating any interference with other equipment in the laboratory setup, 

A. diplexer is used to isolate the receiver input from the transmit signal. 

The I’eceived signal is amplified and converts ^ in three IF steps to 16. 25 MHz, The 
last two IF stages are enclosed in a sMeided assembly. The schematic of the MMT IF 
assembly is Drawing X498733. The 67. 75 MHz IF stage is where the system AGC is 
applied. The AGC control voltage is developed in the signal demodulator and is brought 
to the RT chassis on pin K of connector J2. Wlien the equipment modification was 
completed, pin K was the only pin used on coimector J2, For testing and troubleshoot- 
ing tlie AGC can be disabled giving maximum RF gain by simply discomiecting the 
cable to J2, The receive local oscillator signals are synthesized in the signal processor 
chassis and brought to the RT chassis via coaxial cables. 

3 . 2. 2 SIGNAL PROCESSOR CHASSIS 

The MMT signal processor chassis contains the receiver circuitry from 
the 16. 25 MHz IF down to baseband processing and transmit baseband and modulation 
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Figure 3-5. MMT Receiver-Transmitter, Front and Top \'iews 
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circuitry. Hie MMT signal pi'ocessor is made up of plug-in printed cii'cuit boards. 
Table 3-1 gives a list of the board nomenclature showing location in the MMT chassis 


Table 3-1. MMT Printed Circuit Board Data 


Assembly 
Dvvg. No. 

PC Board Nomenclature 

Schematic 
Dwg. No. 

Location 

Quantity 

X918051A 

Code & Data'^Clock Synth, 

X498701A 

2A08 

1 

X91S052A 

Coder No. 1 

X498702A 

2A06 

1 

X918053A 

Coder No. 2 

X498703A 

2A07 

1 

X918054A 

Controller No. 1 

X498704A 

3A03 

1 

X918074A 

Controller No. 2 

X498724A 

3A02 

1 

X918055A 

MMT Local Reference/ 
Correlator 

X498705A 

2A09 

1 

X918061A 

Receive ITilter' 

X498711A 

3A09 

1 

X918088A 

MMT Detector 

X498712A 

3A08 

1 

X918091A 

MMT VCO 

X498726A 

3A07 

1 

X918096A 

MMT Frequency Discriminator 

X498735A 

3A10 

1 

X918069A 

Frequency Hop 

X498719A 

1A09 

1 

X918063A 

MMT Data Recovery 

X498713A 

2A03 

1 

X918095A 

MMT Oscillator 

X498764A 

2A05 

1 

X9 18066 

PDM Voice 

X498716 

2A02 

1 

X918067 

MMT/MTAR Synth, No. 1 

X49S717 

1A06 & 3A06 

2 

X918068 

MMT S 3 mthesizer No. 2 

X498718 

1A05 & 3A05 

2 

X918086A 

MMT Data Input 

X498736 

1A08 

1 

X918070A 

TX Data Processor 

X498720A 

4 AO 2 

1 

X918072A 

MMT Modulator 

X498722A 

2A03 

1 

X918089 

18.7 MHz Synth. 

X498739 

lAOl 

1 

X918081 

22. 73875 MHz Output 

X498731 

2A01 

1 

X9 18082 

27.3875 MHz Synth. 

X498732 

3A01 

1 
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Figure 3-7 shows the front and top \4ews of tiie MMT signal processor 
chassis. The printed circuit board locations in the signal processor chassis are 
identified by a four cliaracter niunber. The first number identifies the row with 1, 2 
and 3 indicating tlie front, middle and rear rows respectively. The last two digits 
locate slots 1 through 10 in each row. The second character is an A in the MMT signal 
processor chassis and a B in the MTAR signal processor chassis. 

3 . 2, 2. 1 Frequency Syntliesis 

The signal processor chassis contains the frequency s3mthesis circuitry for 
the receive local oscillator signals and the transmit carrier. Since the S-Band con- 
version for the traiismit and receive functions is located in the ET chassis, tlie S-band 
L. O. 's are cabled from the signal processor to the RT at relatively low frequencies. 
Phase lock multipliers in the RT multiply the S-BandL. O. signals. The 18,7 MHz 
transmit L.O. is multipled by 115 to 2150.5 MHz. The 22.73875 MHz receive L.O, is 
multiplied by 75 to 1705. 40625 MHz. 

The S -Band modification effort added the necessary coherent S-band syn- 
thesis wliile retaining the old VHF/UHF syntliesis. Figure 3-8 shows the reference 
frequency distribution and synthesis configuration of the MMT. Printed circuit board 
nomenclature, location in the signal processor chassis and connector pin numbers are 
shown. 

The MMT must be capable of functioning either as a coherent transponder 
or in a mode with the forward and retiuni Units completely independent of each other. 

In tlie coherent mode the transmit carrier and code clock frequency references are 
phase coherent with the received signal. This is done by using the receiver carrier 
and code VCO's as the references for the transmit synthesis. The two switches shown 
on the MMT oscillator board (2A05) in figure 3-8 are shown in tlie coherent position. 
The outputs of board 2A05 drive the transmit carrier and code synthesis. Both the 
noncoherent and return only modes selectable with the linlc mode switch on the control 
panel would use the crystal oscillators located on board 2A05 for transmit references. 

Note tliat tlie signal processor front panel manual Doppler correction is ' 
applied to the receiver VCO’s. Tills is to compensate for the simulated forward link 
Doppler offset tliat may be applied to the MTAR transmit signal. Note tliat any Doppler 
offset on the forward linlc is turned around only in the coherent linlc mode. In the non- 
coherent and return only linlc modes the MMT receiver can track the forward linlc 
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signal but the return linic frequencies are deterinined by the ciystal oscillators 
located on board 2A05. 

The external 5 MHz reference function was designed into the 22, 73875 MHz 
synthesizer board (2A01) primarily for use in the MTAR. Since the same PC board is 
used in both the MMT and MTAR, the external function was wired in the MMT but 
would only be used under certain troubleshooting circumstances. As shown in fig- 
ure 3-8 tlie fimction in the MMT allows the receiver carrier VCO to be replaced by 
an external frequency source to drive the receive L. Ob synthesis. 

The VHF/UHF frequency syntliesis function uses two miique boards. The 
3A05 and 3A06 set of boards is used for the receiver L. O, synthesis. The 1A05 and 
LA06 set of boards is used for the transmit carrier synthesis. The two sets of boards 
are identical mth different outputs used for the transmit and receive functions. Fig- 
ure 3-9 is a functional diagram of the circuitry contained on the two boards. 

Three printed circuit boards are used to synthesize the coherent local 
oscillator signals for S-band translation of the MMT transmit and receive signals. 
Figure 3-10 is a functional diagram of these three boards. The 18, 7 MHz synthesizer 
board (lAOl) generates the LOSIA signal used for S-band transmit cojwersion in the 
MMT. The 27.3875 MHz synthesizer board (3A01) and the 22.73875 MHz output board 
(2A01) combine to generate the LOSIB signal used for S-band receive conversion in 
the MMT. 

3.2. 2, 2 Receiver 

The MMT receive signal budget is shown in figure 3-11, The precorrela- 
tion bandwidth is determined by the code rate. The postcorrelation bandwidth is set by 
the digital data rate selected. Figure 3-12 is a detailed block diagram of the MMT 
postcorrelation receiver. The receiver fimctions determined by the controller include 
step enable, carrier loop diunp, code loop diunp, hop loop dump, AFC enable and AFC 
load. The receiver decisions fed back to the controller include sequential step, 
sequential sync, no Doppler and phase sync. 

The MMT receiver boards include tlie MMT VCO board (3A07), the MMT 
detector board (3A08), the receive Jilter board (3A09) and the MMT frequency dis- 
criminator board (3A10), 
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3 . 2, 2. 3 Controller 

The MMT/MTAB controller biodi diagram is shown in figure 3-13. The 
controller ROM program and flowchart are shown in figure 3-14„ The controller pro- 
gram includes the system operation commands for both tlie MMT and MTAR, A liard- 
wired input in eadi chassis tells the controller which unit program to follow. The 
MMT uses Controller Boai’d No, 1 (3A03) and Controller' Board No. 2 (3A02), 

The controller consists of two printed circuit boards. Controller Board 1 
and Controller Board 2. Controller Board 1 consists of a program counter, ROM 
memory, decoder logic, timer, input multiplexers upon which jmnp decisions within 
the progi’am are made based on input signals, a digital Incremental Phase Modulator 
(IPM) signal generator, and output lines from the ROM memory wlilch go to Controller 
Board 2. 

3. 2. 2.3. 1 Controller Board 1 

Controller Board 2 contains decode, logic and various flip-flops to generate 
output control signals, and a timer used on tlie MTAR for transmitting the frequency 
hop signal for 15 seconds during initial forwai’d linic acquisition by the MMT, 

The program counter consisting of integrated circuits UIG and U9G is an 
8-bit binary coimter that operates from a 4 kHz clock input, and has a direct reset 
input (INITIALIZE). Tlie counter's 8 binary output lines go to the ROM's (U2E) 8 
binary inputs. The ROM's 8 binary outputs come back to the program coimter' s preset 
inputs and can thus cause the counter to jump to a binary number other than the next 
number in a normal binary counting sequence. The counter will tlien proceed counting 
from this new number. 

The ROM memory (U2E) is a 2048 bit memory organized as 256 8-bit 
memory locations. Tliat is there are eight inputs coming from the program counter 

g 

that select one of 256 addx'esses (2 ), The selected address enables its 8-bit word (or 
binary pattern) to then appear at the 8 output pins of tlie ROM padiage. The 8 output 
lines go the preset inputs of the program counter and timer and to decoder logic that 
enables the timer, IPM signal generator, and input select multiplexers. The ROM 
output lines also go to Controller Board 2. The ROM is electrically progi'ammable 
and is erased with ultraviolet light. 

The decoder logic consisting of U72G, U72J, UllC and various gates 
enables tlie timer, IPM Signal Generator, and input select multiplexers. Only one of 


3-23 




OUTPUT 

CONTROLS 


STEP 

HOP SEARCH 
PN IPM DIRECTION 

PN IPM STEP 


Figure 3-13. Controller Blocjk Diagram 















TORS controller OOARO I 
ROW INSTRUCTION S^T 


ROM output 



HEX 

Cb 

0, 

Oc 

'> 

Oif 

0 , 

i:^ Di 

OUTPUTS 00 

0 

0 

0 

0 

0 

0 

0 

0 

(NfSTC 1) 

01 

a 

0 

0 

0 

0 

0 

0 

1 


02 

0 

0 

0 

0 

0 

0 

t 

0 


03 

0 

0 

0 

0 

0 

0 

1 

1 


OH 

0 

0 

0 0 

0 

{ 

0 

0 


os 

0 

0 

0 

0 

0 

1 

0 

/ 


0 & 

0 

0 

0 

0 

0 

i 

I 

0 


HO 

0 

\ 

0 

0 

0 

£D 

0 

0 


Hi 

0 

i 

0 

0 

0 

0 

0 

1 


H 3 

0 

1 

0 0 

0 0 

1 

0 


H 3 

0 

1 

0 

0 

0 

0 

1 

i 



0 

r 

0 

0 

C' 

1 

0 

0 


HS 

0 

i 

0 

0 

0 

J 

0 

J 


GO 

0 

r 

1 

0 

0 

0 

0 0 


61 

0 

/ 

1 

0 

0 

0 

0 

1 


ea 

0 

/ 

/ 

0 

0 

0 

r 

0 


63 

0 

/ 

t 

0 

0 

0 

\ 

i 


GH 

0 

i 

i 

0 

0 

\ 

0 

0 



0 

f 

1 

0 

0 

r 

0 

\ 


GC 

0 

r 

1 

0 

0 

f 

\ 

0 


67 

0 

r 

1 

0 

0 

i 

1 

f 


70 

0 

I 

r 

i 

0 

0 

0 

0 


7/ 

0 

/ 

1 

t 

0 

0 

0 

t 


7£ 

0 

/ 

1 

r 

Q 

0 

i 

0 


73 

0 

/ 

\ 

t 

0 

0 

1 

i 


7 H 

0 

1 

1 

J 

0 

J 

0 

0 


75 

0 

} 

/ 

/ 

0 

) 

0 

t 

JUMPS 

ro 

0 

0 

0 

i 

0 

0 

0 

0 

< notes r,a/3? ( 9 

0 

0 

0 

j 

1 

0 

0 

t 


38 

0 

0 

1 

0 

/ 

0 

0 

0 


20 

0 

0 

/ 

0 

0 

a 

0 

0 


ar 

0 

0 

1 

0 

0 

0 

0 

r 


2i4 

0 

0 

i 

0 

t 

0 

/ 

0 


2B 

0 

0 

/ 

0 

1 

0 

i 

J 


2^ 

0 

0 

i 

6 

0 

{ 

0 

0 


25 

0 

0 

1 

C 

0 

{ 

0 

r 


30 

0 

0 

J 

1 

0 

0 

0 

0 


3/ 

0 

0 

} 

1 

0 

0 

0 

i 


3 A 

0 

0 

i 

t 

1 

0 

1 

0 


SB 

0 

6 

1 

1 

1 

0 

J 

i 


COMMENT 


ADVflrJCE 

Drs/iRtf ^ sy^c. Dtspi/iv 0) 

<p sy/vc J>fsPe.Ay (a) 

U tSASLE 7>fSPLAY 0) 

EAfABLE J}fS PAAy C^) 

ViS^BLE SQPrd D/SPLAy O) 

EAWIBLE SCJPA/ I>JSPlAy fe>) 

SET r/rt£/£ iptrpt A/£^r ^ /?o« owr^/:? 
EfJABLB PfJ SfYoRT ^£A^CH CHYPS) 
E/\iABLB Pf^ LCfJG SBAKCHC^bBH 
Et\iABLB PPi BEAPiLP(}H^il>\AE<^TiOKfAt-i 
El^ABLE tiOP S&9JCCW 
STOP EEAPJZ ^4 

D/Szflfice HOP i>iSPLAy (fH/Pff, naPACCi) CO 

BKfABLB HOP J^tSPLAY (<>) 

PfSABLE tOAJ> AFC C°) 

Ef^ABLE LOAD AFC CO 
i>iBABL£ AF^ 

EtiABKP. AFC CO 
FORCE SfAJGLE H^FA 0) 
piSABLB ZfHGFE J?ATA (p) 

PtJmP CAFRicR LOCP FIl^b;^, 

Ei^ASLB CAREER LOOP Ffir£R (c>) 

pomP mP LOOP f}lter <0 
£fiJA$LE NOP LOOP FaTBA (q) 

Pl/mp CODE LOOP FiLraR (0 
EAM6i£ CODE LOOP F^LrER (o) 

LET TimER ELAPEe (PPOCSAm mtTsO 
A44/T /F ‘'TBET** (a) 

Jump iP TtmBR EI^APSED (pO 
jump jF mr £LAPSEi> (0 

jump tF /Jor /APiT (mrAR) CO 

JOmP $F TEST ^'^rrcH x OO 
Jt/WP IF PSK 00 

JomP iF HOT' RBTOfi^ O^Ly CO 

JU«?P {FmrSffJGLE -DATYi 0) 

4omP iF se^ I^ETECroR Erfjc 
jon\P IF 4> 5YA^c 0) 

^OPtP tF tOPPLER Alor COGRECTEO 
U*JCOfJDfr/0JUAL JOJVP (p) 


notes: 

r. LOSJC O 0.£VDC TO +0»ffl>©c 

l£>&;c 1 i +2.0 VPC 

E, ALL jump wsT^ucrtor^s EKcapr "tEr"oc^n//7/7-" use rvfS 
HEXT (l0^7 ^JJX»i?£SS COR TPS JUptP 

S /}i-L JVoip t/JsmucnoAiE u$e Rom oUTPur J>*t to pEi-EAfnjA/B 
tf' the JOPfP iJUUi- BE PBAFORmBl>. fF J?y /s lo&C Oj 
FHB /AJPOF co^m r/oA/ meJSF sE LO<hc 1 ^ajcp y/ca 

H. ADPR£^ES >Jor LiSTEE: .COA}TAtH A OOC>QOCOO PATtEAH, 
ROM IS ERj^^BD \UirH OLTR^ViOLEr AlL 

^£>Z)Ke!:5Es cOAJrA/Af A aooaaaOG PA7-r~E/iyj^ 

^ MJH&J rtiL f&Srr Tf^R X7ittA£SS.EOf tT rAKSs rura 

FRAsKJjm /rtzorwcr^^jA/5 ro load w tmo & lea^t 

IWrS At^O rH£*J THE 3 mOiF s^^AHFtcA^fr T^E TfftJtR SrtlSTC 

c:oL7vr/ft^i= ERnni 'TfiE PtfmBER lCA:?EO ifj U^Tvl the i»A-r^/vt»5 

4LL i !s Aup TPEAJ STOPSf THE fifAximcJm TttnB <PF 

THE CavA/TEA. fi APP/tokimATELY ^ i'/S'C. /T *S 
7\> AFf^RCktmHTE Cd\JNT**^& PA^m t T& SE^C Er PRP3£Fftim//jG T»£ 

H Hts 8 *S (fi, ccmSfJijAriM^i^ #*< -t a*i A*JO ail ^THER tUfTiY 


TuR£ 

ROM ADDRESS 

r' ^ ^ 

A7 A^ Ay A 4^ A I A' C C T ^ 

r S 

w/rr^t 00000060 000 ] 

cotjDmoHs^ Q Q Q o o \ oCii I 

000 0 C o f O ^ 0 2 ^ I 
000000 I I 003 ] 

O 0 . 0 0 0 i 0 o. COA \ 

O o 0 6 o i O ! Od 5- 1 

o a o o a i I a. Ooc | 

O O O C O i t f 007 j 

OOOQ 10 00 010 

O O Q Q C O i . 0 I \ 

O O 0 O i o I O OlS 

0 0 0^/011 o r 5 

0 0 0 O f i O O 0} ^ 

0 c /O O I t 0 i oi .F 

0 0 o o i t I a 016 ] 

OOOOlirj O I 7 
a o 0 I o o o o 02 0 

o Q 6 i 6 O 0 I 02 i i 

o 0 o t o o i O 0 23 . ] 

O O o i C o i f 023 

0 0 0 10/00 02^ 
c 0 0 i o i 0 } osiS , 

000 I 0 I 1 o 05 & 

0 0 O i O i t t 027 ; 

0001 I o O o 030 
0 o 0 i TOO/ 0,3 1 

£::> D o f L o r O . 03 a " 

o O O i I o \ ^ 0 33 

o o o i \ \ a a 03 ^ } 

0 o o t I rot oss^ 

000 t i X I O 036 ^ 

HOP O O 0 j i f . t J 0 3T 


5 ; coHTPHfED ] 

Ei/sreti^r TVf 5 EC 5 //PS i 

^jfUVEfiT T^ e^A/AAv tdR THE 4 

EkPiiWLGt Ati^iv rc, EtAP$B { 

^ r^ 5 /i ^ 

£=Frr CUTPut CCmnTf/v 

pk'$»h»<kc}c ojonopfr© -^cr r/fflj 

jocx»* 3 ^K 4 0 | C-Caocaoi? 7 *jnrrJ? i 3 

O tpt 'f rp!tO . T{M£Ji rt 


{1 OF 4 ) 

UNCUMStfiED 


FOLDOLI^J®'^ / OERSNAL ^AGE is 

OF POOR QUAiinrs 


I . I L . ■ I i 


TORS C.0(MTR0LL£R 0OARD 1 
ROW PROGRAM 

ROM AODRii^S ROM OUTPUT 


^7 


^5 

A. 

A. 

\ 


A-. 

CCTAL 

HEX 

I^D, 

Dt 


D 5 D 3 

Ox 

COMMENT 

\AL 0 

0 

C 


0 

o 

o 

Q 

OOO 

OOO 

OO 

0 

o 

0 

O 

o 

0 

0 

0 

yqpt/AA/ce 

iTtONS ^ 

O 

0 

r. 

c 

0 

o 

o 

\ 

oo i 

oo f 

O 1 

o 

o 

o 

0 

o 

0 

0 

\ 

&/SAS45 ^ sy4tel T>tsPLAy 

0 

0 

o 

r 

r. 

o 

1 

o 

OOL 

003 

03 

o 

o 

0 

O 

o 

0 

1 

\ 

Dt^ASLE rntriAY 

0 

0 

0 

0 

o 

0 

i 

1 

003 

oos 

OS 

o 

o 

o 

O 

o 

J 

0 

1 

SQAV ^fspuy 

0 

c 

c 

0 

0 

1 

0 

o 

004 

1 05 

H S 

o 

f 

0 

o 

o 

1 

0 

) 

sn>P SEARCH 

0 

o 

0 

0 

0 

r 

o 

1 

005 

1 o 

&0 

o 

r 

J 

0 

o 

0 

0 

0 

Di5ApLE HOF TiiSPLAy 

0 

0 

0 

0 

o 

( 

I 

o 

00& 

J 

64 

o 

r 

J 

o 

a 

J 

0 

0 

PtSABiE APC. 

0 

0 

0 

c 

0 

/ 

f 

f 

007 

i H £ 

6 2. 

o 

/ 

/ 

0 

o 

0 

] 

0 

DtSA3LE LOAp AJEC 

0 

.0 

0 

0 

1 

c 

0 

0 

0 r O 

J 43 

6 3 

0 

1 

1 

0 

o 

0 

f 

1 

£^fPBL£ UOAP AFC 

0 

0 

0 

Cj 

t 

0 

o 

r 

0 1 t 

1 4 £ 

6 £ 

o 

1 

1 

o 

a 

0 

1 

0 

PiSAQLE LOAI^ AfC 

0 

0 

0 

0 

i 

o 

f 

o 

, J 2 

J 4 6 

6 6 

0 

/ 

J 

o 

o 

J 

J 

0 

F^RCE PATH 

0 

0 

0 

0 

1 

o 

r 

1 

0 J i 

( 60 

7 0 

o 

/ 

J 

1 

0 

0 

0 

0 

DOPJP CAERiSP. LFOP fttfER. 

c 

0 

0 

A 

1 

1 

o 

o 

O J H 

t 6 2 

72 

o 

1 

1 

J 

o 

0 

1 

0 

D0*np HOP LOOP rriTER 

0 

o 

0 

c 

J 

1 

0 

1 

0 J ^ 

1 6 4 

74 

o 

J 


1 

o 

/ 

0 

0 

POmP C^T}S L<^P FfO~£^ 

0 

0 

6 

0 

f 

1 

1 

o 

0 1 6 

OOO 

OO 

o 

o 

o 

o 

o 

0 

0 

0 

^pvWrt/ce 

o 

0 

o 

0 

f 

f 

1 

/ 

0 1 7 

004 


o 

o 

o 

o 

o 

1 

0 

0 

EUHELE SEARCH JitSPLAV 

0 

0 

0 

f 

0 

0 

o 

o 

020 

053 

2 B 

o 

o 

1 

o 

1 

0 

\ 

1 

J 1 /W»F /r P$h( 

0 

0 

0 

1 

0 

0 

0 

f 

02 1 

[ 3 1 

59 

o 

/ 

o 

1 

a 

0 

0 

1 

JUmP APPPESS 

0 

0 

o 

; 

D 

o 

1 

a 

022 

O 73 

3B 

o 

o 

1 

J 

1 

0 

1 

f 

UUCOfJp JL>177P 

0 

0 

o 

1 

0 


1 

\ 

023 

0 35 

i p 

0 

o 

0 

1 

1 

1 

0 

f 

JOmP APPRESS 

A 

0 

0 

! 

o 

i 

0 

c 

02 ^ 

OOO 

oo 

o 

o 

o 

o 

o 

0 

0 

0 

ADVA^B 

C 

0 

0 

J 

0 

1 

0 

\ 


OOO 

oo 




t 




\ 


OCCJo; to 026 OOO QO 

0 0 C ^ O f t \ 027 OOO CC 

0001 t o O O 0^0 OOO Oo 

O' 0 0 i I c O I OBJ OOO OO 

o o 0 t ^ o I o 0 3 2. OOO oo 

\ OOO } \ o J I 033 OOO oo ^ 

■0 O 0 I i loo 03i OOO 0 O OOO O O OOO 

ooo'iioi \ 2J oorooooi jy/»p ip m/nr 

0 O c ' i \ ! o 036 07 3 iD O I \ \ O i I jump 

OF J-iiO/ff/l 03 7 \0*i H M O I o 0 O I O o BMABLG HOP S£APCH 


ccwr/WLf j 

CjwA'fA'^ ^ wee*i Ti> far r»g ^£St+? mss^s. 

! j4tL^'*u ^//Ti£-<e T-o 5* ifc . 

IOr^ 

/5^i! HUT PUT commsf^/r- 

ofoooooo ^£r r*€^c 

OoCsQOa^Ct 7‘Jrt»£^ iSfl'J 
tat f ooQO TiPifJi ajej's 


Figure 3-14. Controller Program 

(Sheet 1 of 4) 


POUDODT JiEAMg % 


3-25/(3-26 blanli) 


ROM PROGRAM CONTINUED 


ROM ADDRESS ROM OUTPUT 

# ■ ' / \ 


Ay As* Aq A3 A3 A| 

Ao 

OCTAL 

HEX 

D7 C(j Qa Di 

COMMENT 

l^op seARcy 0 

0 

1 

0 

0 

0 

0 

0 

04 0 

r ^ / 

i i 

0 

t 

J 

0 

0 

0 

0 

\ 

eUABLE HOP PfSPlAy 

0 

0 

i 

0 

0 

0 

0 

/ 

0^ t 

/ HO 

HO 

0 

1 

0 

<0 

0 

0 

0 

0 

SET TiPtER T- 15 EC 

0 

0 

i 

6 

0 

0 

i 

0 


000 

00 

0 

0 

0 

0 

0 

0 

0 

0 

TtPiER. LSS'S 

0 

0 

i 

0 

0 

c 

1 

1 


2 3.0 

90 

f 

0 

0 

\ 

0 

0 

0 

0 

rifPER JESS'S 

0 

0 

i 

0 

0 

i 

0 

0 

ow 

a 73 

33 

0 

0 

I 

I 

1 

0 

i 

t 

UhfCOHD WmP 

0 

0 

t 

0 

0 

\ 

0 

/ 


oso 

39 

0 

0 

I 

0 

1 

0 0 

Q 

^ump apdress 

0 

0 

f 

Q 

0 

i 

1 

0 

OH ^ 

000 

OQ 

0 

0 

0 

0 

0 

0 a a 

ADVAAiCS. 

0 

0 

/ 

0 

0 

/ 

i 

t 

OHl 

000 

00 

0 

0 

0 

0 

0 

0 

0 

0 

APVAUCE 

0 

0 

/ 

0 

t 

0 

0 

0 

0^0 

0€0 

30 

0 

0 

J 

1 

0 

0 

0 

0 

JWF iJ= 5 £a J>sr 5/iVC 

0 

0 

/ 

0 

\ 

0 

0 

t 

OS\ 

1 J 7 

^^F 

0 

i 

0 

0 

i 

1 

1 

\ 

JAOA moR. 

0 

0 

/ 

0 

i 

0 

\ 

0 

osa 

05-2 

3 A 

0 

0 

i 

0 

/ 

0 

/ 

0 

Jrt 7 P iF T 55 T %w i 

0 

0 

/ 

0 

1 

0 

1 

i 

OS 3 

050 

33 

0 

0 

/ 

0 

/ 

0 

0 

0 

JA)P AVPR 

0 

0 

1 

0 

! 

i 

0 

0 

OSfi 

050 

S 3 

0 

0 

I 

0 

I 

0 

0 

0 

J/TiP iP TtmER ELAPSED 

0 

0 

1 

0 

/ 

/ 

0 

/ 

0 5 B 

000 

00 

0 

0 

0 0 

0 

0 

0 

0 

JMP AVPR 

0 

0 

/ 

a 

/ 

t 

/ 

0 


073 

S 3 

0 

0 

i 

1 

t 

0 

/ 

I 

0 tJOOfJl> J^fP 

0 

0 

/ 

0 

/ 

f 

/ 

/ 

o$i 

0 50 

28 

0 

0 

/ 

0 

1 

0 

0 

0 


ADlfR 

0 

0 

/ 

i 

0 

0 

0 0 

0^0 

6 00 

00 

Q 

0 

0 

0 

0 

0 

0 

0 

ADVAMCe 

0 

0 

/ 

i 

0 

0 

0 

; 

0^ 1 

000 

00 




i 

L 




i 

i 

0 

0 

/ 

1 

0 

0 

1 

0 


ooo 

00 











0 

0 

/ 

1 

0 

0 

1 

/ 

063 

000 

00 











0 

0 

j 

1 

0 

\ 

0 

a 


000 

06 











0 

0 

/ 

t 

0 

1 

0 

\ 

065 ' 

000 

00 











0 

0 

i 

1 

0 

1 

t 

0 

06 J& 

000 

00 











0 

0 

/ 

t 

0 

/ 

f 

1 

Oil 

OOO 

00 











0 

<3 

1 

1 

1 

0 

0 0 

070 

000 

00 











0 

0 

1 

t 

1 

0 

0 

l 

071 

ooo 

CO 





f 




J 

r 

0 

0 

/ 

t 

1 

0 

i 

0 

072. 

ooo 

00 

0 

0 

0 

o' 

*0 

0 

0 

C 

ADX^AfJCE 

PW 0 

0 

1 

\ 

1 

0 

\ 

1 

073 

006 

06 

0 

0 

0 

0 

0 

1 

1 

0 

EhiA 8 L£ SCPA/ PtEPt.Ay 


0 

1 

{ 

1 

\ 

0 0 

074 

OHH 

2 H 

0 

0 

/ 

0 

0 

1 

0 

0 

JOP fP wor RErU/iA/ OHLY 

d? 

0 

1 

} 

f 

\ 

0 

t 

07 B 

t 0 1 

HI 

0 

1 

0 

0 

0 

0 

0 

1 

JMP Ai>XiR 

0 

0 

1 

i 

i 

1 

/ 

0 

01 <k 

} 03 

H 3 

0 

1 

0 

0 

c 

c 

t 

1 

BAJ PAJ SEAKCP 

0 

0 

1 

1 

1 

/ 

1 

J 

Oil 

073 

3 B 

0 

0 

\ 

\ 

t 

0 

i 

1 

UAfCOAtZf JMF 

0 

1 

0 

0 

0 

0 

0 

0 

I 00 

f oa 

Ha 

0 

1 

0 

0 

0 

0 

i 

0 

J^?F AI>J>Ji 

0 

\ 

0 

0 

0 

0 

0 

\ 

10 i 

1 02 

Ha 

0 

1 

0 

0 

0 

0 

1 

0 

BAJABLB pa/ 1.0AJG SEAf^H 

0 

i 

C 

0 

0 

0 

\ 

0 

1 02 

/ 00 

HO 

0 

/ 

0 

0 

0 0 

0 

0 

5 ET nmER J 6 SBC 

0 


0 0 

0 

0 

/ 

i 

} 03 

ooo 

CO 

0 

0 

0 

0 

0 

0 

0 

0 

T 

0 

i 

0 

0 

0 

\ 

0 

0 

/ OH 

ooo 

00 

a 

0 0 

0 0 

0 

0 

0 

r MSB'S 

0 

t 

0 

0 

0 

i 

0 

1 

/ 03 

073 

3 B 

0 

0 

1 

t 

1 

0 

y 

1 

UwCOWZ) JMF 

0 

/ 

0 

0 

0 

\ 

/ 

0 

I 06 

050 

28 

0 

0 

1 

0 

\ 

0 

0 

0 

JMP /lPi>R 

0 

/ 

0 

0 

0 

/ 

( 

t 

\ 01 

OOO 

00 

0 

0 

0 

0 

0 

0 

0 

0 


0 

f 

0 

0 

\ 

a 

0 

a 

^ 1 0 

OOO 

00 





\ 






'0 

i 

0 0 

; 

0 

0 

I 

1 1 1 

ooo 

00 











0 

i 

c 

0 

/ 

0 

/ 

0 

1 / a 

ooo 

CO 











0 

/ 

0 

0 

/ 

0 

/ 

/ 

1 t 3 

ooo 

00 











0 

i 

0 

0 

1 

f 

0 

0 

! IH 

ooo 

00 











0 

i 

0 

0 

\ 

/ 

0 

\ 

/ t S' 

00 0 

06 




1 

r 





f 

c> 

/ 

0 

0 

1 

/ 

i 

0 

f I c, 

ooo 

00 

0 

0 

0 0 

0 

0 

0 

0 

ADVA- 

wee 

0 

1 

0 0 

f 

i 

f 

\ 

1 n 

1 OS 

HS 

0 

1 

0 

0 0 

1 

0 

1 

STOP SEARCH 


uw^sliHED OB|§I6?AL PA&0J3 

f eOR QUAlOT 


HC5P JIR/^CK 



•( 


coftRBCT/au r. 

^ .1 

‘ 6 . ^ I 

i 

■. I 

■ 4 


^ \ 
] 


\ 

'■] 

FAJ S/^J?r J 

se/iec// j 

\ 

.• 1 
■I 

I 

: i 


■-■j 


• i 

CoJ)£ ^ I 

locf/kr^trac^ 

4 i^psK ; 


■.! 

i 


3 



V -J 
■ ^ 
] 

:..1 


■' ■! 

1 


gOLDOl^gR^ / 


rogram continued 

ROM Address rom output 



At 


As 

A 9 A 3 A 2 A, A„ 

OCTAL 

HEX 

DsDtDs DfD, 

% 

Da 

D, 

COMMENT 


0 

r 

0 

1 

0 

0 

a 

0 

\ 2.0 

/ 

a 1 

0 

0 

I 

0 0 

0 

0 

\ 

jMp iF tjor fAi^r 


0 

1 

o 

1 

0 

0 

0 

1 

1 a 1 

a 33 

5B 

J 

0 

0 

1 1 

0 

1 

I 

JMP 

HOP TOCK 

0 

J 

o 

1 

0 

0 

1 

0 

1 2 2 

1 

73 

0 

t 

[ 

1 0 

0 

\ 

1 

BtJ LOOP fiLTBR. 


O 

1 

o 

1 

0 

0 


i 

1 2 3 

1 OD 

*10 

0 

1 

0 

0 0 

0 

0 

0 

SBT rmER s SBC 


0 

f 

o 

i 

0 

\ 

0 

0 

1 2^ 

ooo 

DO 

0 

0 

0 

0 0 

0 0 

0 

T LS3*^ 


6 

i 

o 

i 

0 

# 

0 

f 

/ E5 

BGO 

3 0 

/ 

0 

1 

f 0 

0 0 

0 

T nsS'S 


D 

1 

0 

1 

0 

1 

1 

0 

f 

oi 0 

1 0 

0 

0 

0 

1 0 

0 

0 

0 

let rmBR ELAPSE 


0 

f 

o 

! 

0 

1 

1 

\ 

f a 7 

ose. 

2A 

0 

0 

1 

0 f 

0 

I 

0 

JMP iF TB^T ± 


0 

1 

0 

1 

1 

0 

0 

0 

/ 5(9 

\ a 7 

57 

0 

i 

0 

1 0 

1 

1 

/ 

\F AV 1 >R 


0 

1 

0 

1 

f 

0 

0 

1 

1 3 / 

I 

65 

D 

1 

1 

0 0 

1 

0 

J 

BNA31B AFC 

CORReCTiOfJ 

PSK 

o 

1 

0 

( 

1 

0 

1 

0 

J 5£ 

/ 00 

^0 

0 

1 

0 

0 0 

0 

0 

0 

SBT Tim£R 7":i H SBC 

0 

t 

o 

t 

1 

0 

i 

1 

/ 33 

000 

00 

0 

0 

0 

0 0 

0 

0 

0 

T LSS'S 

o 

1 

0 

1 

1 

\ 

0 

0 

/ 5"/ 

30 0 

CO 


! 

0 

0 0 

0 

0 

0 

r rvjss's 


o 

i 

o 

f 

/ 

1 

0 

\ 

1 35* 

050 

aa 

0 

0 

I 

0 1 

0 

0 

0 

J«p rp TtFlBR BLAPSBP 


o 

1 

o 

1 

! 

1 

f 

0 

J 3 ^ 

OOO 

00 

0 

0 

0 

0 0 

c 

0 

0 

JMP A^I>R 


o 

( 

0 

1 

1 

i 

/ 

I 

/ 5 7 

072 

3A 

0 

0 

/ 

\ 1 

0 

\ 

0 

jpjp /P dcpplee mr cckhBcren 


0 

/ 

\ 

0 

0 

0 

0 

0 

} Ho 

1 35 

5I> 

0 

1 

0 

\ f 

1 

0 

] 

JMP AVOR 


0 

/ 

J 

0 

0 

0 

0 

/ 

/ H\ 

03 / 

t 9 

0 

0 

0 

1 t 

0 

0 

1 

WA\T IF test 


o 

1 

} 

0 

0 

Q 

t 

0 

\ HZ 

f H 0 

6 0 

0 

i 

1 

0 0 

0 

0 

0 

DlSABUE HOP DiSFlAY 


0 

1 

i 

0 

0 

0 

i 

1 


1 6£ 

72 

0 

/ 

1 

J 0 

0 

\ 

0 

POtnP HOP LOOP FiL-TBH. 


o 

\ 

i 

0 

0 

1 

0 



^ ^ V 

GH 

0 

t 

/ 

0 0 

i 

0 

0 

Ot^ABLB AFC 


o 

/ 

1 

0 

0 

/ 

0 

f 

\ H5 

07 3 

33 

0 

c 

\ 

1 f 

0 

r 

1 

UNCORD JPtP 


o 

/ 

i 

0 

0 

f 

I 

0 

\ HG 

a 60 

SO 

1 

0 

1 

/ 0 

0 

0 

0 

JMP AJjPR 


6 

1 

1 

0 

0 

f 

/ 

\ 

I ^1 

oof 

06 

<0 

0 0 

0 0 

( 

! 

0 

E/yj 50 PA/ PiSPLAY 

pfj swojer 

0 

/ 

/ 

0 

t 

0 

0 

Q 

1 So 

t 00 

Ho 


\ 

0 

0 0 

0 

0 

0 

SET TiMBfL T-tS^SBC 

SBARCH 

o 

/ 

/ 

0 

1 

<3 

0 

t 

1 5^1 

ooo 

00 

0 

0 

0 

0 0 

0 

0. 

0 

T’ LSB'S 


o 


/ 

0 

1 


] 

0 

f 5Z 

00 \ 

0 1 

0 

0 

0 

0 0 

0 

0 

1 

T“ MSBte 


o 

/ 

1 

c 

i 

0 


1 

J S3 

1 0 \ 

H \ 

0 

i 

0 

0 0 

0 

0 

/ 

PH SHORT SEARCH 


0 

I 

1 

0 

i 

1 

0 

0 

r 

060 

BO 

0 

0 

\ 

\ 0 

0 

0 

0 

JMP \F PET SyAfC 


6 

/ 

1 

0 

t 

1 

0 

t 

i S's 

ana 

Aa 

f 

0 

1 

0 0 

0 

i 

0 

JMP APDR 


o 

( 

1 

0 

i 

/ 

\ 

0 

i 

osa 

2 A 

0 0 

t 

0 / 

0 

1 

0 

JMP iF TEST SW ± 


o 

1 

I 

0 

1 

1 

f 

\ 

1 57 

I 5‘H 

6C 

0 

1 

\ 

0 1 

t 

0 

0 

JA?p AVPr 


0 

i 

1 

1 

0 

0 

0 

0 

{ GO 

050 

as 

0 

0 

t 

0 i 

c 

0 

0 

JMP if TtMBR ElAFSEV 


o 

t 

i 

1 

0 

0 

0 

1 

1 6 \ 

OOO 

00 

0 

0 

0 

ooo 

a 

0 

JMP AVPR 


o 

t 

1 

i 

0 

0 

1 

0 

1 (S2 

0 73 

5B 

a 

0 

\ 

1 1 

0 

1 

/ 

OAJCOHD JM'* 


0 

1 

J 


0 0 

i 

/ 

I 63 

\bh 

60 

0 

i 

/ 

0 t 

\ 

0 

0 

JMP APP^ 


o 

1 

1 

1 

0 

1 

0 

0 

\(^H 

ooo 

00 

0 

0 

ooo 

0 

0 

0 

AT>VA^CE 


o 

/ 

1 

i 

0 

/ 

0 

i 

\ 45 

ooo 

00 

0 

0 

0 

0 0 

0 

0 

0 

AO\/ANCt 


0 

1 

1 

f 

0 

f 

1 

0 

/ 46 

ooo 

00 

0 

0 

0 

0 0 

0 

0 

c 

AD^AMCE 


o 

t 

1 

1 

0 

1 

i 

1 

1 67 

ooo 

00 

0 

0 

0 

0 0 

0 

0 

0 

ADV4MCE 


0 

1 

1 

/ 

1 

0 

0 

0 

1 70 

ooo 

00 

0 

0 

0 

0 0 

ooo 

AD }/Ak}CB 

CODE ^ 

o 

i 

1 

} 

1 

0 

0 

I 

171 

ooo 

00 

0 0 

0000 

0 

0 

AV\/ANCB 

LOOP/K£l4rRACK. 0 

i 


i 

/ 

0 

t 

0 

1 7E 

I 6 1 

71 

0 

/ 

1 

\ 0 

J 

0 

\ 

BAJ CAPRlBR LOOP filter 

4 JI&PSK 

o 

J 

/ 

1 

J 

0 

} 

1 

* 73 

I CO 

HO 

0 

} 

0 

0 0 

Q 

0 

0 

S5T 7-*=3SEC 


o 

i 

1 

t 

1 

\ 

0 

0 

i 7^ 

ooo 

00 

0 

0 

0 

0 0 

0 

0 

0 

T LSfl*5 


o 

i 

/ 

J 

1 

J 

0 

1 

1 75 

320 

VO 

1 

\ 

0 

/ 0 

0 

0 0 

r msB*S 


0 

/ 

1 

/ 

1 

/ 

f 

a 

J 

06 r 

3 1 

0 

0 

i 

t 0 

0 

0 

1 

JMP tF ^ syfjc. 


o 

/ 

1 

1 

1 

/ 

1 

I 

1 77 

a 1 1 

09 

f 

0 0 

0 1 

0 

0 

1 

OMP Atop. 


Figure 3-14. ControRer Program 

(Sheet 2 of 4) 

3-27/(3-28 blaak) 


ROM PROGRAM CONTINUED 


ROM address ROM OUTPUT 






/ 





Ay 

Aj Ay Aj Aq Aj Ao 

OCTAL 

HEX 

D7 Qjr Dy D3 Dr 

COMMENT 

i 

o o o 

o o o o 

2.00 

J ^5 

66 

0 / t 

0 0(10 

FORCf SINGLE 

1 

O O O 

0 o o r 

20 1 

00 1 

OJ 

000 

0 0 0 0 ( 

Df^ABLE tp SYAiC OtSPL/iY 

t 

o o o 

0 0(0 

20£ 

00^ 

0^ 

00000 t 0 a 

BfJABLE SEARCH D/SpLA/ 

1 

a o (D o o i i 

203 

052 

2A 

0 0 ( 

0(0(0 

JMA if FB$T 1 

1 

o o o 

o t o o 

ZOH 

/ 76 

IB 

0 t 1 

t \ 1 i 0 

JMP A0D2 

i 

o o o 

0/0/ 

zos 

0 S'O 

28 

0 0 \ 

0(000 

jMf* IF TmgK EL/iPSEJ} 

1 

0 o o 

O \ ( o 

206 

a [ 6 

8E 

f 0 0 

0 1 i 1 0 

OHiP A2?P2 

f 

0 o o 

0/(1 

2.07 

073 

3 B 

0 0 1 

( 1 0 1 1 

UfJCOfJD JMf* 

/ 

o a o 

\ o o o 

a 1 0 

1 76 

7 E 

0 i i 

1 i 1 1 0 

OrvTp aovr. 

/ 

0 o o 

tool 

2 / / 

147 

67 

0 i I 

0 0(1/ 

iH SABLE SffJGLE HAta 

r 

o o o 

1 O 1 o 

2\ 2 

003 

(33 

000 

0 00 \ i 

PtSABLE SEARCH Vl SPLAY 

f 

0 O o 

1 o \ \ 

2 I 3 

002 

02 

00000c ( 0 

EA/ (p syAJC WSPIAY 

1 

o o o 

t t o o 

2 . i 

0 73 

3 B 

0 0 1 

1 1 0 1 f 

U^Jco^^p Jra/J 

/ 

o o o 

1 1 O 1 

Z( S' 

t 73 

7 B 

0 1 1 

1 / 0 1 1 

JhP 

/ 

oo o 

f / 1 0 

2 i 6 

0 S3 

2B 

0 0 f 

0 1 0 1 i 

iJPiP iF PSK 

f 

O o o 

i 1 \ \ 

2 / 7 

000 

00 

0000 0000 

adi>r. 

i 

0 O 1 

oo O o 

220 

1 64 

IH 

0 ( 1 

1 0 1 0 0 

DUMP COVE LOOP FILTE/I 

1 

0 O 1 

o o o t 

aaf 

t 60 

70 

0 1 t 

1 0 0 0 0 

DOmp CPRRiEA LOOP FKrFJZ 

1 

0 O 1 

0 0/0 

222 

t 00 

HO 

0 \ 0 

00000 

S£T T(m£R T= 3 sec 

1 

0 o 1 

O o 1 1 

223 

000 

00 

00000000 

T LSB^S 

t 

O o t 

0(00 

22 .H 

320 

VO 

1 1 0 

10000 

T nSB>S 

} 

0 O 1 

o 1 o 1 

zas 

020 

t 0 

000 

\ 0 0 0 0 

LET BLAPSE 

I 

0 O 1 

0 1(0 

22^ 

1 00 

HO 

0 1 0 

00000 

SET Timen Tsffsec 

1 

O O 1 

oil) 

227 

000 

00 

000 

00000 

T LSB'S 

/ 

O 0 1 

1 O 0 o 

2.30 

260 

BO 

/ 0 [ 

\ 0 0 0 0 

rMss's 

1 

0 D \ 

tool 

2 3 1 

073 

33 

0 0 1 

1 ( 0(1 

WNCONS JMP 

I 

O O 1 

1 o 1 o 

232 

1 5-3 

65 

0 1 1 

0 1 0 ( 1 

JfilP APPfi. 

/ 

O 0 1 

1 O 1 ( 

2 33 

( 65 

75 

<3 1 1 

10 / 0 / 

EN CODE LOflA nuTSU 

/ 

0 o 1 

1(00 

2 3 ^ 

073 

3 B 

0 0 I 

( 1 0 1 1 

UNCOfJO JMP 

1 

O O 1 

i 1 O ( 

23-S' 

( 3 ( 

55 > 

0 1 0 

(tool 

J/ 4 P AODR 

/ 

o 0 1 

1 J 1 0 

236 

000 

00 

000 

a 0 0 0 0 

APVAtJCa 

/ 

0 0 1 

1 ( 1 1 

237 

DOO 

00 

000 

00000 

ADVANCE 

/ 

o 1 o o o o o 

2^ 0 

073 

3 8 

0 0 f 

} t 0 \ \ 

U/y/CowP JMP 

1 

O 1 O O O 0 \ 

2^1 

000 

00 

OQOOOOOO 

J/ 4 P ADDA 

f 

0 1 0 

o o t o 

2^2 

( OS 

H 5 

0 1 0 

0 0(01 

STOP 5EARCW 

1 

0 ^ o O O \ 1 

a^3 

1 65 

75 

0 1 1 

i 0 ( 0 ( 

BN CODE LOOP FILTER 

( 

0 1 0 

0(00 


1 45 

65 

0 t 1 

0 0/01 

ENABLE AFC 

1 

0 1 D O f 0 1 


too 

^0 

0 1 0 

00000 

SET TtMER ra 4 S£C 

1 

0(001 Id 

2^/6 

000 

00 

000 

0 0 0 0 0 

T USE'S 

1 

0 \ 0 

O ( I I 

2H1 

30 0 

CO 

1 / 0 

00000 

T MSB'S 

1 

0 / 0 

1^00 

2 BO 

oso 

as 

0 0 / 

0(000 

JMP (F Ti/rtea blapsbd 

( 

0 1 0 

tool 

2 5 1 

000 

00 

000 

0 0 0 0 0 

JMP A DPP 

1 

0 1 0 

(0(0 

2 5:2 

072 

3 A 

0 0 / 

1 t 0 1 0 

J/ 4 P (F dopplea not copeecreo 

1 

0 1 o 

1 o t ( 

253 

ZSO 

AS 

/ 0 / 

0(000 

JMP APpa 

1 

o / o 

1(00 

2SV 

I 44 

GH 

0 / ( 

0 0(00 

Disable afc 

I 

0 1 o 

1(01 

255 

073 

3 B 

0 0 1 

1 / 0 / / 

UNCoND JMP 

/ 

0 1 o 

( t ( 0 

2 56 

1 7 £ 

7 A 

0 } \ 

] 1 0 t 0 

JMP APPR. 

1 

0 1 0 

1 / / / 

257 

000 

00 

000 

00000 

advance 


1176-5813 (3 OF 4) 
UNCLASSIFIED 




ROM ADDRESS 


r 


ROM OUTPUT 


AAfK/\AAfKfk 
\ O \ I 0 O o O 
1 biSPL^^Y f O f t O O o I 

D/SPL/)/ 1^1 i o O \ O 

> 1 \ O I } O O i \ 

I O I \ O \ O O 

£LAPS£J) \ O \ i O I O \ 

(mote h) f \ O 0 o o o o 

\ \ 0 o o o C \ 

\\\00000 
^ ^ \ O O O O \ 

'PLAY 




OC TAL 

HEK 

D D 

0 

0 

D 

D 

D 

D 

COMMENT 

z&o 

053 


0 0 

\ 

o 

1 

o 

! 

\ 

JMP iF PSK 

26 ; 

\ 72 

7 A 

O 1 

1 

1 

1 

0 

1 

0 

JMP 

262 

cm ( 

2 f 

0 o 

1 

0 

0 

o 

O 

1 

j/wp i/r M3r rt/Mr 

263 

1 72 

7 A 

o / 

f 

1 

1 

o 

/ 

o 

JMP 

26^ 

013 


O 0 

J 

f 

i 

0 

1 

1 

WCOLJP JMP 

265 

1 ^ 1 

^7 

0 1 

1 

o 

o 

J 

1 

1 

/)PPP 

300 

07 3 

3B 

o o 

1 

1 

1 

o 

1 

1 

OUCOnD sliAP 

301 

OOO 

OO 

a 0 

O 

0 

o o 

0 

o 

JAIA Al>2?/3 

3i 0 

07S 

3B 

0 o 

1 

{ 

1 

o 

i 

1 

t/A/CiJA/i? JMP 

3H 1 

OOO 

00 

OO 0 o 

o o 

o 

o 

JMP APPR 


’ FiLTER. 
OOP fiLTER 
= 3 SEC 


z LAPSE 
= 5 S^C 


F\lT£R 


» P\LTBP 

r- *) sec 


e £L/iPsex> 

LB? M>r coKecreo 


Figure 3-14, Controller Program 

(Sheet 3 of 4) 

3-29/(3-30 blank) 


1175«13K0F4) 

UNCLASSIFIED 

















03 

< 

"53 

i 

CO 

DO 



0 

CO 

1 



% 




rv 














the above items is addressed at any instant by the decoder logic based on the ROM 
output. Tlie timer and IPM signal generator can run independently while the input 
multiplexers are being addressed to determine jump conditions or control outputs 
are being enabled on Controller Board 2. 

Various input signals can be checked by the input multiplexers U80A, 

U80C, and U80E to determine if a logic 0 or 1 is pi’esent based on the sign bit D4 
output from the ROM and the exclusive OR comparators of U73E. Based on the 
outputs of the exclusive OR's U73E-1 and U73E-2, the program counter UIG and U9G 
can be stopped imtil the input condition changes or the contents of the program comiter 
can be changed to agree with tlie counter preset inputs fi’om the ROM. This corres- 
ponds to the program jumping to a new location in the pi'ogram. 

The timer is a 16-bit counter consisting of UIJ, U9J, U17J and U25J, 
flip-flop U33J and several gates that is first addressed by one ROM instruction and 
then preset witli the next two 8-bit ROM instnictions. It then begins counting to an 
all I’s condition at which time it stops. The maximum time the counter can elapse is 
approximately 16. 6 seconds, Wliile the counter is running other inputs can be 
monitored to see if a jmnp instruction is to be performed, control outputs can be 
enabled, and the timer itself can be checked to see if it has elapsed. 

The IPM (incremental phase modulator ) generator consists of programmable 
coimter U41E, U4BE and U49G, IPM direction counter U57E and varioxis gates, and 
mode select flip-flops U56J and U64J and various gates. The counter is clodced by 
sequential step pulses from the Sequential Filter Board. 

There are four different search modes that the IPM generator can be 
selected by the ROM output to perform; PN short search, PN long search, PN one-way 
search, and frequency hop search. Whenever PN short or long search are requested 
U56J-1 or -2 are set and flip-flops U35G-1 and -2 allow a 2 clock delay wMle comiter 
U41E, U49E and U49G are preset. For PN short search, tlie counter increments 
256 1/4-chips or 64 chips wMle 256 step pulses are outputted, then the IPM direction 
counter U57E changes polarity from logic 1 to 0. The counter then generates 512 step 
pulses and then the direction line again changes polarity to logic 0 and continues to 
change polarity after each 512 step pulses. 
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For PN long search, 896 1/4-chip step pulses are generated (224 chips) 
and then the direction counter changes polarity from logic 1 to logic 0 and then changes 
polarity after each 1792 step pulses. 

For PN one way frequency hop searches only step pulses are gated out. 

The IPM direction line doesn't change polarity. 

3. 2. 2. 3. 2 Controller Board 2 

The controller board receives inputs from the ROM of Controller Board 1 
and decodes the signals through decoder IC's XJ50E, U50A, U57C, U50G, and U42J to 
enable and disable various JK flip-flops and thereby generates or disables various 
conti'ol signals. 

The timer is used on the MTAR for transmitting the frequency hop signal 
for 15 seconds during initial forward link acquisition by the MMT. 

3.2.3 CONTROL PANEL 

The MMT control panel contains the mode selector switches and indicator 
lamps for the MMT equipment. The MMT control panel is pictured in figure 3-15, 

The control ftinctions are listed below; 

MMT CONTROL : 

LINK MODE - COHERENT (transpond) 

NONCOHERENT (transpond) 

RETURN ONLY 

MODULATION MODE - PSK 

SQPN (Receiver searches in hop imtil 
hop acquisition; then switches 
to SQPN) 

TEST (HOP) (Receiver program stops 
when hop track condition 
is reached) 

FREQUENCY MODE - S-BAND 

VHF/UHF 

INITIALIZE - INITIALIZE FUNCTION 

(Push switch) 


3-34 



ORIGINAL PAGE IS 
OF POOR QUAIini 





DATA RATE If DATA RATE 2 


CODE niASE 


LINK MODE 

■ORCiaiiiai 

coaiitai.^^^^. acTttia 


MMT CONSOL ’4 

MOPUUTION MODE “ FREQUENCY MOPE INITIALIZE 

^ ,r»- *. |ri: 1 

I' 


■ 'i 


S0f« 


;t 

DATA 

DATA MODE DATA MODULATKMj rMcnnc 




&T« • 


ISYN 


€&m 










■j 


n75<5814 

UNCLASSIFIED 


Figure 3-15. MMT Control Panel 
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The indicator lamps are listed below; 


Indicator 

POWER 

HOP 

SYNC 

SEARCH 

SQPN 


Function 

- Lighted when -^28V power supply is on. 

- Lighted when the forwaitl link receiver 
is in the frequency hop mode. 

- Lighted when the forward link receiver 
has acquired carrier phase sync. 

- Lighted when either hop search or 
SQPN search is operative. 

- Lighted when the forward linli receiver 
is in staggered quadriphase pseudo-noise 
mode. 


TRANSIMIT - Both switch and indicator to turn transmit 

power on or off. (Output power reduced 
by more than 20 dB) 

The MMT control signals are listed in table 3-2. A zero (0) - GND; a 
one (1) represents a positi/e voltage with a IK resistor to +5V. 

3.2.4 SIGNAL MONITOR PANE L 

The MMT signal monitor panel provides banana jacks for digital data and 
data clock input and output to error rate test equipment. Table 3-3 presents a list of 
the monitor signals. The monitor panel is pictured in figure 3-16. 

3.2.5 POWER SUPPLY 

The MMT power supply chassis contains four regulated power supply 
modules to supply DC voltages of +28V, +15V, -15V and +5V to the RF/IF chassis and 
the signal processor chassis. The MMT/MTAR power supply is illustrated in 
figure 3-17. 

The power supply module specifications allow prime input power to be 
105-125 vac, 50-400 Hz. These power supply modules feature short circuit and over- 
voltage protection. Full specifications are contained in drawing number XG25196. 
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Table 3-2, MMT Control Signals List 


Mode 


Switch Positions 

Modulation 

Mode 


PSK 

SCJPN 




MMDEl 

MMDE2 

MMDE:1 
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1 



Link 
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LMDE2 
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Invert 





0 

1 




Data Rate 
(Digital 
Data No. 1) 
Return Link 


937. 5 BPS 

lOK BPS 

30K BPS 

80K BPS 

Voice 

RDIRIT 

RD1R2T 

RD1R3T 

0 

1 

0 

0 

0 

i 

1 

1 

0 

1 

0 

1 

1 

1 

1 

Data Rate 
(Digital 
Data No, 2) 
Return Link 


937. 5 BPS 

lOK BPS 

30K BPS 

80K BPS 

Voice 

RD2R1T 

RD2R2T 

RD2R3T 

0 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

Data 

Modulation 


OFF 

Single 

Dual 



DTMODl 

DTMOD2 

DTMOD3 

0 

1 

1 

1 

0 

1 

1 

X 

0 



Attenuate 


OFF 

Data 1 

Data 2 



ATTEN2 

ATTENl 

0 

0 

0 

1 

1 

0 



Convolutional 

Data 

Encode 


ON 

OFF 




ENCODE 

0 

1 




Data 

Mode 


Synchronous 

Asynchronous 




DSYASY 

0 

1 




Transmit 


ON 

OFF 




TXON 

0 

1 




Freq liop 

Acquisition 

Mode 


ON (Hopi 

OFF (PNi 



1 

HOPACQ 

0 

1 

Initialize 

Switch 


Released 


IHHHIi 



INITNO 

INITNC 

0 

0 
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Table 3-3, MMT Monitor Signals List 


J1 

Symbol 

Signal Description 

A 

MP5V 

+5 Volt Power Supply Access 

B 

MP15V 

+15 Volt Power Supply Access 

C 

M-15V 

-15 Volt Power Supply Access 

D 

MP28V 

+28 Volt Power Supply Access 

E 

MRT28V 

+28 Volt Return 

F 

GDPLATE 

Chassis Ground 

G 

AUDINl 

Transmit Audio Input (Ground) | Configured for 

H 

AUDIN2 

Transmit Audio Input (Signal) i Carbon Mike 

J 

SPARE 

(Impedence: GOOfi, Input; 80 to 1400 mV rms) 

K 

AUDHI 

Received Audio, 6, 7 VRMS 

L 

AUDLOl 

Received Audio Output | Balanced Pair, 

M 

AUDL02 

Received Audio Output 1 600Q, 3 VRMS 

N 

SYNCBL 

) 

P 

SYNCYL 

TSP (Not Used MMT) 

R 

GROUND 

) 

S 

CLKBL 

! TSP (Not Used MMT) 

T 

CLKYL 

U 

GROUND 

) 

V 

2XCLK1 

Output 2X Data 1 Clock 

w 

IXCLKl 

Ou^ut IX Data 1 Clock 

X 

1XCLK2 

Output IX Data 2 Clock 

Y 

2XCLK2 

Output 2X Data 2 Clock 

Z 

TXDATAl 

Input Data Signal 1 

a 

TXDATA2 

Input Data Signal 2 

b 

ASYNCLK2 

Input Asynchronous Clock (Data 2) 

c 

ASYNCLKl 

Input Asynchronous Clock (Data 1) 

d 

RXCLKBAR 

Output Inverted RX Data Clock 

e 

RXDATA 

Output Receive Data 

f 

RXCLK 

Output Receive Data Clock 

g 

AGO 

Monitor AGC voltage 

h 

GROUND 


j 

GROUND 




Figure 3-16. MMT Signal Monitor Panel 
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Flifare 3-17. MMT/MTAR Power Supply Chassis 
The estimated DC power requirements for the MMT are listed below. 


+28V 

20 \vatts 

+15V 

6 watts 

-15 V 

3 watts 

+ 5V 

50 watts 


3.3 MTAR (SIMULATED GROUND TERhflNAL EQUIPMENT) 

The Multimode Transmitter and Receiver (MTAR) consists of a receiver- 
transmitter chassis, signal processor chassis, control panel, signal monitor panel 
and power supply chassis. Tliis section gives a detailed functional description of each 
of these assemblies. The error rate test equipment used with the MTAR is described 
in section 3.4. 

3. 3. 1 RECEIVER-TRANSmTTER CHASSIS 

The receiver-transmitter chassis contains the high frequency elements that 
connect directly to an antenna with both transmit and receive signals. The timismit 
section of the RT chassis converts a modulated 401 MHz signal to the S-band transmit 
frequency of 2106. 40625 MHz. The receive section amplifies and converts the 
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2287, 5 MHz signal to a 12 MHz intermediate frequency. Figure 3-18 shows the front 
and top views of tlie MTAR RT chassis. Figure 3-19 is a block diagram of the MTAR 
receiver-transmitter chassis. 

The S-band modification task of Contract NAS5-20330 implemented the 
conversion of the original VHF/UHF frequencies to S-band frequencies. The 401 MHz 
transmit signal is accessible by removing a front panel jumper cable. The 137 MHz 
receive input is also available by removing a front panel jumper cable. 

As shown in figure 3-20 the local oscillator for conversion of tlie 401 MHz 
modulator output to the S-band is obtained by multiplying the 22. 73895 MHz L. O. input 
by 75 in a phase lock multiplier. The 22, 73875 MHz L. O. is coherent with the 
401 MHz transmit carrier signal. Signal monitor jacks are provided for both the 
401 MHz and 2106,40625 MHz transmit signals. The 2106,40625 MHz monitor output 
is amplified to provide at least 0 dBm signal power to drive a frequency counter. 
Individual power switches are mounted in the chassis for the transmit PLM and the 
transmit monitor amplifer to aid in isolating any interference with other equipment 
in the laboratory setup. 

A diplexer is used to isolate the receiver input from the transmit signal. 
The received signal is amplified and converted in three IF steps to 12 IvIHz. The last 
two IF stages are enclosed in a shielded assembly. The schematic of the MTAR IF 
assembly is Drawing X498734. The system AGC is applied to the 67 MHz IF stage. 

The AGC control voltage is developed in the siguai demodulator and is brought to the 
RT chassis on pin K of connector J2, When the equipment modification was completed, 
pin K was the only pin used on connector J2, For testing and troubleshooting the AGC 
can be disabled giving maximum RF gain by simply disconnecting the cable to J2. The 
receive local oscillator signals are synthesized in the signal processor chassis and 
brought to the RT chassis via coaxial cables, 

3. 3, 2 SIGNAL PROCESSOR CHASSIS 

The MTAR signal processor chassis contains the I'eceiver circuitry from 
the 12 MHz IF down to baseband processing as well as the transmit baseband and modu- 
lation circuitry. The MTAR signal processor is made up of plug-in printed circviit 
boards. Table 3-4 lists the board nomenclature showing location in the MTAR chassis. 
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Figure J^-18. MTAR Rcceivcr-Tronsmitler, Front and Top \’iews 
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Table 3-4. MTAR Printed Circuit Board Data 


Assembly 
Dwg. No. 

PC Board Nomenclature 

Schematic 
Dwg, No. 

XiO cation 


X918051A 

Code & Data Clock Synth. 

X498701A 

2B06 

1 

X918052A 

Coder No. 1 

X498702A 

2B08 

1 

X918053A 

Coder No. 2 

X498703A 

2B07 

1 

X918054A 

Controller No, 1 

X498704A 

3B04 

1 

X918074A 

Controller No. 2 

X498724A 

3B03 

1 

X918056A 

MTAR Local Reference/ 
Correlator 

X498705A 

2B09 

1 

X918061A 

Receive Filter 

X498711A 

3B09 

1 

X918062A 

MTAR Detector 

X498712A 

3B08 

1 

X918076A 

MTAR VCO 

X498726A 

3B07 

1 

X918085A 

MTAR Frequency Discriminator 

X498735A 

3B10 

1 

X918069A 

Frequency Hop 

X498719A 

2B04 

1 

X918087A 

MTAR Data Recovery 

X498737A 

1B04 

1 

X918075A 

Frequency Reference 

X498725A 

3B02 

1 

X918066 

PDM Voice 

X498716 

1B06 

1 

X9 18067 

MMT/MTAR Synth, No. 1 

X498717 

2B01 

1 

X918077 

MTAR Synth. No. 2 

X498727 

2B02 

1 

X918078 

MTAR Synth. No, 3 

X498728 

3B06 

1 

X918070A 

TX Data Processor 

2^987 20A 

1B03 

1 

X918073A 

MTAR Modulator 

X498723A 

2B03 

1 

X9 18089 

18.7 MHz Synth. 

X498739 

3B01 

1 

X918081 

22.73875 MHz Output 

X498731 

1B02 

1 

X918082 

27.38'’5 MHz Synth. 

X498732 

IBOl 

1 


Figure 3-20 shows the front and top views of tlie MTAR signal processor 
chassis. The printed circuit board locations in the signal processor cliassis are 
identified by a four character number. The first number identifies the row with 1, 

2, and 3 indicating the front, middle and rear rows respectively. The last two 
digits locate slots 1 through 10 in each row. The second character is a B in the 
MTAR signal processor chassis and an it in the MMT signal processor chassis. 
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3.3. 2.1 Frequency Synthesis 


The signal processor chassis contains the frequency synthesis circuitry 
for the receive local oscillator signals and the tiansmit carrier. Since the S-band 
conversion for the transmit and receive functions is located in the RT chassis, the 
S-band L. O.’s are cabled from the signal processor to the RT at relatively low fre- 
quencies. Phase lodt multipliers in the RT multiply the S-taand L.O. signals. The 
22.73875 MHz transmit L.O. is mtiltiplied by 75 to 1705.40625 MHz. The 18.7 MHz 
receive L.O, is multiplied by 115 to 2150. 5 MHz. 

The S-band modification effort added the necessary coherent S-band sjai- 
thesis wliile retaining the old VHF/UHF synthesis. Figure 3-21 shows the VHF/UHF 
synthesis. In the MTAR the transmit and receive L.O. synthesis functions are inde- 
pendent. The receive L. O. synthesis is contained on MTAR Synthesizer Board No. 3 
(3B06). The transmit synthesis is contained on Synthesizer' Board No. 1 (2B01) and 
MTAR synthesizer Board No. 2 (2B02). 

The S-band ssmthesis in the MTAR uses the same circuitry as the MMT 
except tliat the transmit and receive functions are reversed. The S-band sjmthesis 
is shown in figure 3-10. In tlie MTAR the 18. 7 MHz sjmthesizer board (3B01) generates 
the LOSIA signal used for the S-band receive conversion. The 27.3875 MHz syn- 
thesizer board (IBOl) and tire 22. 73875 MHz output board (1B02) combine to generate 
the LOSIB signal used for S-band transmit conversion in the MTAR. The transmit 
carrier frequency is synthesized eitlier from an internal 10 MHz oscillator (3B02) or 
from an external 5 MHz reference signal. The circuitry for switciiing the carrier 
reference frequency source is located on the 22. 73875 MHz output board (1B02) and is 
controlled from a control panel srvitch. 

3,3,2. 2 Receiver 

The MTAR receiver is very similar to the MMT receiver. Since there is 
no frequency hop preamble for the return Unit, the frequency hop detector and loop 
filter circuits are not included in the MTAR receiver. The bandwidtiis of the Costas 
loop side integrations correspond to the return linli data rates. With the aljove noted 
differences the MTAR receiver can be shown by the detailed block diagram, figure 3-12. 

The MTAR receiver boards include the MTAR VCO board (3B07), the MTAR 
detector board (3B08), the receive filter board (3B09) and the MTAR frequency dis- 
criminator board (3B10), 
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Figure 3-21, MTAR 
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3 . 3. 2, 3 Controller 


The MMT/MTAR controller bloclc diagram is shown in figure 3-13. The 
controller ROM program and flowchart are shown in figure 3-14. The controller pro- 
gram Includes the system operation commands for both the MMT and MTAR. A hard- 
wired input in each chassis tells the controller which unit program to follow. The 
MTAR controller uses Controller Board No. 1 (3B04) and Controller Board No. 2 
(3B03). 

3.3.3 CONTROL PANEL 

The MTAR control panel contains the mode selector switches and indicator 
lamps for the MTAR equipment. The MTAR control panel is pictured in figure 3-22. 

The MTAR control functions are listed below; 


MTAR CONTROL ; 
LINK MODE 


- COHERENT transpond 
NONCOHERENT transpond 
RETURN ONLY 


MODULATION MODE - PSK 

SQPN (transmits hop preamble with 
timed switch to SQPN) 

TEST (transmitter stays in hop mode) 


FREQUENCY MODE 
(return linlc) 

INITIALIZE 
(Push Button) 

FORWARD LINK; 

DATA RATE 
(BPS) 


- S-BAl-^D 
VHF/UHF 

- INITIALIZES FUNCTION 

- 234.375 
468,750 
937.500 

VOICE (lOK PDM) 
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MTAR Control Panel 




CAREir^R FREQUENCY 
REF 


INT (Intex'nal) 
EXT (External) 


DATA MODULATION - ON 

OFF 


RETURN LINK; 

DATA RATE 
(KBPS) 


DATA MODE 


- 937.5 
10 
30 
80 

VOICE (lOK PDM) 

- SYN (Sj^nchronous) 
ASYN (Asynchronous) 


DATA DEMODULATION - SINGLE 

DATA 1 (Dual) 

DATA 2 (Dual) 

DATA ENCODE - ON (Informs receiver circuits that the 

data on the receive signal is convolu- 
tional encoded at the MMT transmit) 

OFF 


CODE PHASE - NORMAL 

INVERT 


The indicator lamps are listed below: 


Indicator 

POWER 

HOP 


SQPN 


Fimction 

- Lighted when +28V power supply is on. 

- Both momentary switch and indicator for 
the frequency hop transmit mode. Press- 
ing the switch starts tire 15-second hop 
preamble timer. 

- Lighted when the forward link transmitter 
is in staggered quadriphase pseudo-noise 
mode. Also lighted when modulation mode 
switch is in test position. 
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I 


Indicator 


Function 


TRANSMIT 


SYNC 


SEARCH 


- Both switch and indicator to turn 
transmit power on or off. (Output 
power reduced by more than 20 dB, ) 

- Lighted when the retuni link receiver 
has acquired carrier phase sync, 

- Lighted when any of the SQPN code 
search modes is operative. 


The MTAR control sigiials are listed in table 3-4, A zero (o) = GND; a 
one (1) represents a positive voltage with a IK resistor to +5V. 


3.3.4 


SIGNAL MONITOR PANEL 


The MTAR signal monitor panel provides banana jacks for digital data and 
data cloclt input and output to error rate test equipment. In addition line driver output 
lines for interface to the AGIPA equipment are located on the MTAR signal monitor 
panel. Table 3-5 presents a list of the monitor signals. The monitor panel is pictured 
in figure 3-23, 

3.3.5 POWER SUPPLY 

The MTAR power supply chassis contains four regulated power supply 
modules to supply DC voltages of +25V, +15V, -15V and +5V to the RF/IF chassis 
and the signal processor chassis. The MMT and MTAR power supply chassis are 
interchangefible. 

The power supply module specifications allow prime input power to be 
105-125 VAC, 50-400 Hz, These power supply modules feature short circuit and over- 
voltage protection. Full specifications are contained in Dra\ving X625196. 

The estimated DC power reqviirements for the MTAR are listed below. 


+28V 

20 watts 

+15V 

6 watts 

-15 V 

3 watts 

+ 5V 

50 watts 
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Table 3-5. MTAE Control Signals List 
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Table 3-5. MTAR Monitor Signals List 


J1 

Symbol 

Signal Description 

A 

MP5-V- 

+5 Volt Power Supply Access 

B 

MP15V 

+15 Volt Power Supply Access 

C 

M-15V 

-15 Volt Power Supply Access 

D 

MP28V 

+28 Volt Power Supply Access 

E 

MRT28V 

+28 Volt Retui’n 

F 

GDPLATE 

Chassis Ground 

G 

AUDINl 

Transmit Audio Input (Grotmd) ( Configured for 

H 

AUDIN2 

Transmit Audio Input (Signal) ' Carbon Mike 

J 

— 

(Impedance: 600S1, Input: 80 to 1400 mV rms) 

K 

AUDHl 

Received Audio, 6. 7 VRMS 

L 

AUDLOl 

Received Audio Output 1 Balanced Pair, 

M 

AUDL02 

Received Audio Output ’ 600S1, 3 vrms 

N 

SYNCBL 

1 TSP SYNC 

P 

SYNCYL 

J Line Driver Output 

R 

GROUND 

) to AGIPA 

S 

CLKBL 

J TSP RX Data Clock 

T 

CLKYL 

! Line Driver Output 

) to AGIPA 

U 

GROUND 

V 

TXCLK 

Output IX Data Clock 

w 

TXCLKBAR 

Output Inverted IX Data Clock 

X 

TXDATA 

Input Transmit Digital Data 

Y 

RDTMSB 

SIGN ) Soft decision interface 

Z 

RDT2SB 

MAG 1 ! output to Viterbi 

a 

RDTIBB 

MAG 2 ) decoder. 

b 

RDTRTN 

Ground 

c 

RXCLK 

Output RX Data Clock 

d 

RXCLKB.\R 

Output Inverted RX Data Clock 

e 

RXDATA 

Output Receive Data 

f 

RXDATABAR 

Output Inverted Receive Data 

g 

AGO 

Monitor AGC voltage 

h 

GROUND 


j 

GROUND 
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Figure 3-23. MTAR Signal Monitor Panel 



3.4 


SYSTEM TEST 


The MMT/MTAR system linlc performance is evaluated by measuring 
digital data error rate perfoannance for both forward and return linlcs. Tlie MX 2 TOE 
bit error rate analyzer and data generator is the instrument used for’ perfomiance 
measurement. Convolutional encoding can be selected for the return link. A linlcabit 
Corp, Model LV7015 instrument is used for Viterbi decoding at tlie MTAR. 

3.4,1 BIT ERROR RATE MEASUREMENT 

For system perfoivnance measurement connect the ectuij)ment as shown in 
figure 3-24, Tlie transmit signal from each unit is attenuated to obtain the desired 
signal threshold at the opposite receiver. The MX 270B provides the data bit stream 
for transmit and measures the error rate of the received digital data. The MMT is 
connected to its MX 270B as shown in figure 3-25, The MTAR is connected to its 
MX 270B as shown in figure 3-26. 



UNCLASSIFISD 


Figure 3-24. Badc-to-Back Test Setup 
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3?igure 3-25. MMT Error Bate Setup 
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Figure 3-20, MTAB Error Bate Setup 
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The MX 270B, shown in figure 3-27, provides a direct readout of error 
rate performance for digital communications modems. During operation, test data 
for the modem channel is clocked out of the MX 270B transmitter section at any rate 
up to 10 megabits per second. Similarly, the modem clocks data into the MX 270B 
receiver section. The received sequence is compared bit-by-bit with an internally 
generated sequence. 


A simplified block diagram of the MX 270B is shown in figure 3-28. There 
are four basic sections in the MX 27 OB; a) transmitter, b) receiver, c) counter, and 
d) power supply. During operation, a clock pulse received from an external (or 
internal) source generates a data pattern selected by the front-panel controls. The 
modem under test demodulates the data pattern and supplies the demodulated data 
pattern along with the data clock back into the receiver section of the MX 270B. The 
MX 27 OB then injection loads a similar data pattern generator and compares the 
injection loaded pattern with the modem demodulated data pattern in a bit-by-bit 
comparison to generate an error pattern. This error pattern is then coxmted over a 
selected number of bits determined by the XIO front panel control and the SAMPLE 
SIZE control. The selected sample size error rate is then displayed on the ERROR 
RATE indicator. 


LV7015 


The Linkabit Model LV7015, shown in figure 3-29, is a full duplex, con- 
straint length 7, rate 1/2, convolutional encoder-Viterbi decoder. The LV7015 can be 
operated at any data rate up to 100 Kilobits/sec (200 K code symbols/sec,). The data 
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Figure 3-28. MX 27GB Functional Block Diagram 
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Figure 3-29. linkabit LV7015 

rate is determined by the clocks input to the encoder and decoder sections. The 

encoder and decoder portions of the LV7015 may be operated completely independently. 

The Viterbi decoder accepts as input either hard (2 level) or soft (8 level) quantized 

received data. A coding gain (savings in required energy per bit-to-noise ratio 

relative to ideal coherent PSK modulation in additive white Gaussian noise) in excess 

“5 

of 5 dS is provided by the LV7015 at a 10 bit ex’ror rate when operatiag in tlie soft 
quantized mode, A corresponding gain of greater than 3 dB is attained in the hard 
quantized mode. 

The LV7015 uses a code which is transparent to 180° carrier phase 
ambiguities (x’eceived data sign inversion) wliich noay occur when received carrier' 
phase is tracked using only the modulated received signal. Switch selectable diffex'en- 
tial data encoding and decoding enables the LV7015 to operate when received data sign 
ambiguity exists. 

3. 4. 4 FP.ONT PANEL MONITOR JACKS 

The MMT and MTAR signal processor and receiver-tx’ansnutter chaflsis 
have a number of front panel monitox' jacks for system tx'oubleshooting and test. 

3. 4. 4.1 MTAR Signal Processor J18 (Ref 1) 

This 5 MHz output signal can be used to determine how dose to nn-miTinl 
frequency the MTAR transmit signal is. Fox’ each cycle of frequency offset at 5 MHz the 
the S-band transmit signal is offset by 421 hertz. 





3.4.4. 2 MMT Signal Processor J12 (5 MEx) 


Tius 5 MHz output signal cau be used to determine how close to noaninal 
frequency the MMT receive carrier VCO is. Press the initialize switch while mea- 
suring the frequency to hold the AFC at the nominal center of its range. 

3. 4. 4. 3 MMT Signal Processor J13 (5 MTx) 

This 5 MHz output signal can be used to determine how close to nominal 
frequency the MMT transmit carrier oscillator is. Place the MMT linlc mode switch 
in noncoherent mode. For each cycle of frequency offset at 5 MHz the S-band transmit 
carrier is offeet by 457. 5 hertz. 

3. 4. 4.4 MTAR Signal Processor J15 (STABT) 

This positive going pulse represents the SQPN all ones vector •for the for- 
ward Hnlr transmit code. Terminate the cable with 50 ohms, 

3. 4. 4. 5 MTAR Signal Processor J16 (STOP) 

This inverted pulse represents the SQPN all ones vector for the return 
linlc receive code. Terminate the cable with 50 ohms. With both linics in sync in 
coherent mode, the J16 (STOP) pulse will follow the J15 (START) pulse by approxi- 
mately 8.3 microseconds (using short sigial cables), 

3. 4.4.6 MMT Signal Processor J14 (no label) 

This positive going pulse represents the SQPN all ones vector for the for- 
ward linl?; receive code. Terminate the cable with 50 ohms. With the forward link in 
sync, the MMT J14 pulse will foEow the MTAR J15 pulse by approximately 200 nano- 
seconds (using short signal cables). 
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SECTION W 


MECHANICAL DESCBIPTrON 

This section provides a detailed mechanical description of each of the 
major assemblies wMch are included in the Multimode Transponder equipment group. 
The dimensions, weight and construction teclmique is given for each major unit. 

4,1 MAJOR ASSEMBLIES 

The TDESS Mviltimode Transponder equipment complement consists of 
the MMT system and the MTAR groimd system. Mechanically, the two systems are 
nearly identical with the chief differences being panel layouts and/or placement of 
electronics. 


Each system consists of six assembliest signal processor, receiver- 
transmitters control panel, power supply, bit error rate analyzer and a signal monitor 
panel. In addition a Linlcabit LV7015 is supplied \vith the MTAR equipment, A 
Multimode Transponder equipment list is shown in table 4-1. 


Table 4-1. Multimode Transponder Equipment List 


Nomenclature 

P/N 

S/N 

MTAR Control Panel 

911438 

1 

MTAR Signal Processor 

930770 

1 

MTAR Receiver-Transmitter 

930754 

1 

MMT/MTAR Power Supply 

930753 

1 

MTAR Monitor Panel 

931814 

1 

MMT Control Panel 

911437 

1 

MMT Signal Processor 

930771 

1 

MMT Receivei'-Transmitter 

930755 

1 

MMT/MTAR Power Supply 

930753 

2 

MMT Moidtor Pand. 

911815 

1 

MX 270B Bit Error Rate Analyzer 

918654 

1 

MX 27 OB Bit Error Rate Analyzer 

918654 

2 

Liiitcabit Encoder/Decoder 

LV7015 
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EEOEIVER-TRANSMITTEE 


The Beceiver'-Transnoitter chassis contains all the HE suhassemblies down 
to the 2nd IE for the receiver and the RE conversion for the transmitter. Basic con- 
struction of the unit is a simple brazed sheet aluminum box. The case is RE sealed 
by utilization of RE gaslmting at the top cover. Since power dissipation is low and 
cooling is by natural convection, conduction and radiation to the case is adequate. All 
input-output power and signal connectors as well as the power attenuator(s) are located 
on the front panel, A standard holddown arrangement is provided for mounting in a 
MS 91405 type mounting tray. Access to all components is from the top. The cover 
is provided with 1/4 turn fasteners to speed removal. 

Pertinent mechanical specifications include! 

Size 15. 38W x 7, 63H x 18. lOL 

Cooling Natural convection 

Weight MTAR = 30 lbs 

MMT =30 lbs 

Construction Sheet aluminum riveted assembly 

4,3 SIGNAL PROCESSOR 

The Signal Processor chassis contains most of the IE subassemblies and 
all of the baseband processing for both the receive and transmit functions. Basic con- 
struction of the unit is sheet aluminum, with internal honeycomb sections that impart 
structural strength in addition to the primary task of providing free passage of cooliag 
air and RFI protection between rows of circuit boards. A standard holddown arrange- 
ment is provided for mounting in an MS 91405 type mounting tray. 

Pertinent mechanical specifications include: 

Size 
Cooling 
Circuit Cards 
Card Size 
Weight 
Construction 


15.3SWx7.63H x 18. lOL 
Forced air convection 
27 

Nominal 4x6 
36 lbs 

Sheet aluminum riveted assembly with 
honeycomb sections between card rows. 
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Tlie signal processox’ is a basic 1-1/2 ATE size, 15,38 iiicbes wide x 
7. 63 inches lii^ x 18. 10 inches long. The design is geaei’ally in accordance witli tlie 
recpirements of MIIr-C-172. Structiu’al and environmental design was based upon 
installation aboard a transport type aircraft like a C-121G, See figure 4-1 for an 
illustration of tlie basic chassis conEguration, 

All interface connectors are located on the f? ont panel. Both the top and 
bottom covers are provided with 1/4 turn fasteners to enhance removal and reduce 
downtime. Access to test points on the circuit boar ds and module cans is provided 
from the top of the unit. All wiring with the exception of some EF module coax inter- 
connects is done from the bottom. Both front and I’ear panels are detachable to pro- 
vide easy access during wiring and/or seiwice operations, Basic circuit card layout 
is divided into functional groupings. As indicated in figure 4-1, the boards are 
separated into three rows with honeycomb sections between rows providing EF pi’o- 
tection. In addition, metallic shields are located between individual boards to provide 
increased isolation. 



Figure 4-1, Basic Signal Processor Chassis Configuration 
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PRINTED CIRCtJIT SUBASSEMBLIES 


The internal board rack is divided into three sections separated from each 
other by the honeycomb partitions. Each section is further divided into functional group- 
ings of printed circuit board separated by RF shields. Packaging of the circuit elements 
maltes broad use of microelectronic techniques. The circuit boards, supported in the 
case by means of metallic card slides, plugged into printed circuit edge connectors 
located on the connector plate at the bottom of the unit. All like voltages are assigned 
the same pin location for all circuit boards and connectors. All circuit boards are 
4.00 inches by 6, 00 Inches with 50 edge contacts for mput-ouiput power and signal 
connections. In addition, each card wiU have an edge contact at tlie top winch provides 
20 test-point connections. 

There are basically two typss of printed circuit board subassemblies. The 
first type is a multilayer (4 layers) printed circuit board used where the design dictates 
the use of ground and voltage planes or high density layouts to rninimize influence from 
the surrounding environment. The second type is a 2-layer board in a universal con- 
figuration where all the circuits are point-to-pc’ at wired. Tliis second technique is 
cost effective for low quantity fabrication (1-6 pieces) , is suitable for most logic cir- 
cuits and lends itself to easy modification during checkout and system integration. 

4.4 CONTROL PANEL 

The control panels contain the mode control switches and indicator lights. 

All components are mounted on a front plate designed for 19 -inch rack mount installa- 
tion. A dust cover box mounts on tlie rear of tlie panel. 

Pertinent mechanical specifications include; 
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Size 

Cooling 

Weight 

Construction. 

SIGNAL MONITOR PANEL 


19.0WX l0.47Hx4. IL 
Natural convection 
6 lbs 

Aluminum 


The Signal Monitor Panels contain the baseband iuput/output signal interface 
jaclis and signal monitor jaclcs. Two i-ows of banana jacks with adjacent label strips pro- 
vide flexibility for system test connections. The jacks are mounted on a front jjlate 
designed for 19-inch rack mount installation, A dust cover box mounts on the rear of 
the panel. 
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Pertuaent mechanical specifications include; 


Size 

Cooling 

Weight 

Construction 


19.0WX 5.22Hx4.1L 
None 
3 lbs 

Aluminum 


4.6 POWER SUPPLY 

The power supply chassis provide the DC voltages for the other system 
units. The priane power requirements are as follows: 


Voltage: 

Current: 

Frequency; 

Phases; 


115 vac 
8 amps, max, 
60-400 Hz 
Single phase 


The power supply output potentials are as follows; 


+28 vdc 
+15 vdc 
-15 vdc 
+ 5 vdc 


The power supply chassis is 15.38 inches wide x 10.69 inches high x 
18. 10 inches long. Structural and enviroinnental design is based upon installation 
aboard a transport type aircraft. Basically, tliis unit is constructed of sheet aluminum 
with stiffening devices to support module weight. Since prepackaged power supply 
modules are used, wiring is accessible from the bottom of tlie unit. Each module has 
a forced-air heat exchanger which extends into the air plenum. A standard holddown 
arrangement is provided for mounting in an MS 91405 type mounting tray. Both top and 
bottom covers are provided with 1/4 turn festenex’s to expedite installation and 
maintenance. 

PertinehtmechaMcal specifications for the MMT/MTAR Power’ Svtpply 

include; 

Size 15. 38W X 10. OOH X 19. 56L 

Cooling Forced Air convection 

Weight 65 lbs 

Construction Sheet almnininh riveted assembly 



Tlie front panel contains two hardwire connectors to interface with the 
Signal Processor and Receiver-Transmitter assemblies. A third hardwire connector 
is used to input prime power. A prime power fi^e Is located on the front panel. Each 
power supply ouiput potential is protected with a resettable fuse also located on the 
front panel. 

The cooling teclinique used for the power supplies is illustrated in figure 
4-2. A single 115 vac fan forces air from the rear of tlie assembly, through module 
heat sinks and put air exhaust holes located along the front sides of the chassis. 

4. 7 ENVIRONMENTAL CONSIDERATIONS 

The TDRSS multimode transponder equipment has been designed to meet 
the functional requirements, when exposed to the semdce condition environments 
specified in table 4-2. 



Figure 4-2. Power Si^iply Cooling Technique 
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Table 4-2. . Environmental Service Conditions 



SIRESS LEVEL 

Environment 

Operating 

Non-Operating 

Thermal 

32°F (0°C) to 122°F (50°C) 

-25°F (-32°C) to 
15SF (65°C) 

Relative 

Humidity 

As low as 5% at 122°F {50°C); As 
High as 100% at All Temperatures 
From 32°F (0°C) to 8B°F With Con- 
densation At All Temperatures Lower 
Than 85°F (29°C) 

Same as operating 

Altitude 

Up to 10, 000 Feet Above Sea Level 

Up to 25, 000 Feet 
Above Sea Level 

Vibration 

5 Hz to 30 Hz: . 02 inch double 



amplitude 30 Hz to 500 Hz: Ig 


Shock 

As Encountered During Bench 
Handling 



4. 7. 1 ELECTROMAGNETIC INTEREERENCE 

The equipment was designed to operate satisfaGtorily in the intended 
installations without eiiperiencing or creating abnormal EMI conditions. To accomplish 
this objective, care was taken to conform to established EMI/REI design practices. 
Shielded components were connected via feed-through filters and coax lines. 

Where RFI shielding was required in the board I'ack, a conductive plate was 
installed between boards with grounding provided by conductive bonding along the sides. 
As was noted earlier, the honeycomb sections in the signal processor units provide REI 
protection between the rows of circuit boards while allowing a relatively unimpeded 
flow of cooling air from the forced-air cooling source. 

Separate ground busses wei’e maintained for signal neutral and case 
grounds. Provision was made to tie these busses to case ground inside the equipment. 
Potential sources of high-level interference and parasitics such as frequency dividers. 
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local oscillators and circuits sensiti've to interference were individually packaged in 
their own shielded cases* Shielding at tlie chassis level was accomplished by utilizing 
overlapping riveted joints and oriented wire-silicone rubber gaskets at tlie top and 
bottom covers. 

4.7.2 THERMAL CONSIDERATIONS 

The cooling design was based on satisfying the requirements for installation 
in a transport aircraft of the C-121G type. Since the qualify of the cooling air (cabin 
air) is suitable for direct flow through the electronicSj a simple fan-filter assembly 
attached to the rear of both the signal processor and power supply was all that was 
required. Cooling air tliex’efore enters the enclosures at the rear and exhausts at the 
sides just behind the front panel. No air passes directly out the front of the boxes 
where it could cause discomfort to an operator. 

Honeycomb partitions allow free passage of air through the Signal ProceEisor 
electronics. Power dissipation in the Signal Processor is approximately 125 watts. 

By using a fan which is rated at 110 GEM at free delivery, the airstream temperatui'e 
rise does not exceed 5 degrees C. 

4,8 MADSfTAINABILITY 

In the Signal Processor, virtually all circuitry is packaged on plug-in 
printed circuit boards. Removal of the top cover provides access to all boards in the 
rack. Test points are provided along the top edge of most boards to assist in fault 
isolation. All circuit boards plug into edge connectors located in the lower portion of 
the case. Eaulfy boards can, therefore, be simply extracted and replaced. Removal 
of the oottom cover permits access to the connector back-plane wiring and the main 
wiring harness. Both covers utilize quick-turn fasteners to facilitate openings and 
closings. Since each module in the Power Supply is a self-contained unit, maintain- 
abilify problems are miaimized. 

Removal of the Receiver-Transmitter unit cover (which also utilizes quick- 
turn fasteners) provides ready access to all elements of the electronics. Removal of 
the Control Display unit dust cover provides access to all components. 
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SECTION V 

EQUIPMENT CHARACTEEISTICS AND PERFORMANCE 

Tills section contains a description of the electrical characteristics of the 
Mnltimode Transponder equipment. It sets forth the technical specification to which 
the equipment was designed and includes a copy of the raw test data taken during 
acceptance testing at Applied Physics Laboratories in October 1975. 

5.1 EQUIPMENT SPECIFICATION 

The technical requirements for the MMT and MTAR equipments (the two 
major equipment groups of the Multimode Transpondt ' equipment) are presented in this 
section. These technical requirements were updated from the original contract 
Statement“of“Work to include all contract modifications prior to delivery of equipment. 
Tlie final modified configuration of the equipment is designed for use in a series of 
laboratory tests in wMch the MMT opei’ates at S-band and the MTAR interfaces to the 
TDRSS simulation equipment at VHF/UHF frequencies. The MTAR also operates at 
S-band for back-to-back performance evaluation, 

5.2 TECHNICAL REQUIREMENTS FOR THE MMT 

5. 2. 1 RECEIVER NOISE FIGURE 

The receiver noise figure shall not exceed 5 dB. 

5. 2. 2 SELECTIVITY 

The image rejection shall be at least 60 dB. Rejection of interfering 
signals more than 1.5 bandwidths away from the center frequency shall be at least 
40 dB. 

5.2.3 INPUTS 

The inputs to tlae transponder will be S-band command and ranging signals, 
telemetry data, clock signals, power, and operational housekeeping commands. The 
contractor shall supply simulators for necessary input signals which would normally 
be generated by the user spacecraft. Mode control and other transponder controls 
shall be provided by a contractor supplied control panel. 
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5. 2. 3.1 S-"Baad Signals 


The MMT will operate as a coherent transponder with a 2287. 5 MHz 
center frequency for transmission and a 2106. 40625 MHz center frequency for recep- 
tion. All signal L. O. frequencies for the transponder shall he coherently synthesized 
from a single tracking 10 MHz VCO. 

5. 2.3.2 Command SiEuals 

In all modes of operation except during the freqpiently hop preamble the 
transponder shall accept command signals from the ground and relayed through the 
relay satellite at rates of 234. 375 BPS, 468. 75 BPS or 937. 5 BPS. These data rates 
enable the digital data to be synchronous with the PN code in SQPN mode. Provisions 
shall be made for switching between bit rates on the multimode transponder control 
panel. 

5. 2. 3.3 Telemetry Data 

In all modes of operation, the transponder shall accept telemetiy data for 
transmission to the ground over the return hook in the form of a binary bit stream at 
discrete rates of 937. 5 BPS, 10 KBPS, 30 KBPS or 80 KBPS. Provision is made for 
either single or dual data transmission in the SQPN mode over the return link. Pro- 
visions shall be made for selecting a particular rate by manual selection at the control 
panel. Capabiliiy shall be incorporated on the return linlc to pass digital data that is 
asynchronous with the PN code. 

5. 2. 3. 4 Voice Coding 

A voice channel shaE be incorporated into the transponder with all modes 
of operation. Pulse Duration Modulation technique shall be used. A qualitative voice 
test for acceptable intelligibility at threshold operation wiE be performed. 

5.2.3. 5 Convolutional Encoding 

Convolutional encoding shaE be incorporated on the return Enlc for the 

937. 5 BPS, 10 KBPS and 30 KBPS data rates. The encoding wiE be rate 1/2 with 
constraint length seven. The convolutional encoding shaEbe switched in and out by 
manual control. 
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5c 2. 3. 6 Power 


The Multimode Transponder is to operate properly when supplied power 
from a 58 Hz to 62 Hz source at 115 volts +10%. 

5. 2. 4 OUTPUTS 

The outputs of the transponder will be S-Band telemetry data and simulated 
user spacecraft commands. 

5. 2. 4. 1 S-Band Signals 

The transmitter shall provide an S-Band output signal level of -25 dBm 
nominal into a 50 ohm resistive load. 

5.2.4. 2 Hanging Signals 

The transponder, when interrogated over the forward Knlc by a received 
ranging signal, shall process this signal and retransmit over the return Enk a ranging 
signal suitable for the determination of system range and range rate at the ground 
station. The ranging system resolution in the absence of any communications channel 
noise (near infinite signal to noise ratio) shall allow range determination with a 
maximum systematic error of 2. 0 m and a maximum rms random error of 1. 0 m, 
and shall allow determination of range rate with a maximum systematic error of 
0.1 cm/sec and a maximum rms random error of 0. 1 cm/sec. 

5. 2. 4. 3 ComTuand Signals 

The transponder shall demodulate the received command signal and 
deliver the resulting signal to an MX-270 for bit error rate meastirement at specified 
Enk signal conditions. 

5. 2. 5 MODES OF OPERATION 

The transponder shaE be capable of operating in two modes; conventional 
phase shift keying (PSK) and sta gg ered quadriphase pseudorandom noise (SQPN). 
Provision shall be made for selecting the operating mode from the front panel. 

5. 2. 5. 1 Conventional Mode 

Operation in the conventional mode for both the forward and the return 
Enlcs shall be in general conformance with the system planned for the GSFC Mark 1 
TDRS. 
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5.2. 5. 1.1 Modulation 

In the conventional mode, the modulation for both the forward and the 
return links shall be PSEC with a phase shift of +90°i 

5.2.S.2 SQPN Mode 

Operation in the SQPN mode, for both the forward and the return linics, 
shall be in general conformance with the system planned for the GSPC Mark 1 TDES. 
The SQPN mode shall be usable for receiving coiumands ^d ranging signals over the 
forward link, and for transmitting telemetry data and ranging signals over the return 
link, 

5. 2. 5. 2. 1 Frequency Hop Preamble 

A frequency hop preamble is incorporated in the forward link for signal 
acquisition. The frequency hop code length equals 2® hop chips and the rate equals 
28/2I8 X PN chip rate. 

5.2.5.2.2 PNCode 

The pseudonoise code length shall be 2^® chips at a 2, 56 MOPS rate for 
transpond mode on both forward and return links. In the "Return Only" mode provided 
for the return link the PN code length is 2^® chips at a 2. 56 MOPS rate. 

5. 2. 5. 2. 3 Multiple Access 

Consideration shall be given to the requirement that several user space- 
craft utilize the same carrier firequenc^ for the return link simultaneously, discrimi- 
nation between signals being achieved by the use of orthogonal or quasi-orthogonal 
coding and of proper address codes, 

5. 2. 6 TEST EQUIPMENT 

The contractor shall supply two MX 270 Bit Emor Rate Analyzers for 
the purpose of (1) generating the required data rates, or (2) for measuring received 
date, error rates. 

5.3 TECH3SIICAL REQUIREMENTS FOR THE MTAR 

5.3.1 INTRODUCTION 

The MTAR is to perform the same fonction radio communication wise 
as the conceptual translnitter and receiver aboard the TDRS. However, their principal 
jhmction is to supply to and receive signals from the multimode transponder in a number 
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of test Goufigurations in wMch the MTAK is always ground based, Tlie MTAR is to 
be fully compatible with the Multimode Transponder. Since this equipment is to be 
utilized in engineering tests only, it is to be fabricated using the best commercial 
practices. ■ 

The transmitter will supply a signal in the frequency band utilized by the 
multimode transponder at a level of -25 dBm into a 50 olim load which represents an 
antenna. This signal shall be capable of being modulated according to the following 
modes of operation: 

a. Staggered quadriphase pseudonoise (SQPN) in which two PN streams 
are modulo-two added with NB.Z data and then balance modulated on two EP carriers 
phase shifted 90° from each other. The two resultant biphase signals are then summed 
to produce a quadriphase ouiput. 

b. Conventional mode (PSK) in which NHJ3 data modulates the carrier 
as PSK in a straightforward manner. 

In the PN mode the PN code must have good auto- and cross-correlation 
properties so that the correlation hash-but of the correlator in the multimode trans- 
ponder will cause a minimum false alanr. rate before synchronization is established. 
Measurement of range will be facilitated by measuring the transit time of code 
sequences. Additional ambiguity resolution, if required, will be supplied by the 
channel. Eange is determined to a resolution corresponding to a small fraction of 
PN bit (chip), 

in the PN mode, pulses derived from the all-ones vector in the transmitted 
signal and the all-ones vector in the received and demodulated signal together "with 
auxiliary range ambiguity signals from the data channel will be accessible to the periph- 
eral equipment. 

5.3,2 ELECTEICAL SPECIFICATIONS 

5. 3. 2.1 Transmitter Signal Stability 

The phase, amplitude and frequency stability of the transmitter signals 
and the modulation thereon shall he, in the absence of any type of interfering signal 
including additive channel noise, sufELcient to accomplish the foUowingt 

a. Supply command data to the Mutlimode Transponder (MMT) with a 
30 dB SNR over the dyanmic range of the system. 
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b. Supply range signals to the MMT which wheix processed by the 
MMT and returned to the ground receiver will cause a range uncertainly of 1. 0 meter 
maximum, in a one-second averaging time. 

c. Supply signal which, can be synthesized back to the original carrier 
component in the MMT and subsequently at the output of the ground receiver sufficient 
to providing a range rate signal having an uncertainty of 0, 1 cm maximum in 10 seconds 
averaging time. 

5.3. 2.2 Transmission Power Levels 

The ground transmitter shall be capable* in the SQPN and PSK modes, of 
supplying -25 dBm at S-Band into a 50 ohm load. A transmit signal level of -4 dBm at 
401 MHz is provided for the interface to laboratory equipment. 

The transmitter output level shall be capable of being reduced by 30 dB in 
1 dB steps or in a continuously variable fashion calibrated to 1 dB. 

5. 3.2. S Transmitter Output Frequency 

The frequency of transmission shall be compatible with the Multimode 
Transponder. 

5.3. 2. 4 Transmitter Signal Formats and Modulation 

The ground transmitter will supply a data clock signal to the data source. 
(MX-270) The data source is to supply NE2 data of various types including a random 
bit stream to the ground transmitter. 

5. 3. 2. 4.1 SQPN Mode 

In the SQPN mode the digital data stream is modulo-2 added to two PN 
codes and then balance modtilated on two RP carriers which are summed to produce 
the staggered quadnphase signal. 

5. 3. 2. 4. 2 PSK Mode (Conventional) 

In the PSK mode the inpUt data stream PSK modulates directly a carrier 
component such that the result is DPSK. The baseband modulation sigi^ in all modes 
is to be applied to an external connector for puiposes of interfacing with other 
transmitters. 
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5. 3, 2. 4. 3 Frequency Hop Preamble 


A frequency bop preamble i3 incoiporated in the forward link for signal 
acquisition, Ihe frequency hop code length equals 2 ® hop chips and the rate equals 
28 / 2 I 8 X PN chip rate. 

5.3,2. 5 PN Code 

The PN code generated in the ground transmitter shall be fully compatible 
with the requirements for the Multimode Transponder. The pseudonoise cbde length 

Q 

sliall be 2 chips at a 2, 56 MG PS rate for transpond mode on both forward and return 
links. In the "Return Only" mode provided for the return link the PN code length is 
215 chips at a 2. 56 MOPS rate, 

5. 3.2 . 6 Equipment Interface 

Front panel access on the MTAR shall be provided for the first IF of the 
receiver (137 MHz) and transmitter (401 IVEHz) for signal interface with the AGIPA 
system. The MTAR shall provide the 10. 75 MHz SQPN correlator reference signal 
for the AGIPA demultiplexer at a nominal signal level of -10 dBm into a 50 ohm load. 

The MTAR will provide a data clock and "receiver sync" signals at TTL levels to the 
AGIPA equipment. 

5. 3.2. 7 Receiving System Sensitivity (All Modes) 

The system being simulated here, i. e, , User Spacecraft/TDRS S-Band 
commuooication linlcs, will have at times, because of RFI and multipath, a negative 
communication margin. Therefore, it is required that the ground receiver sy stem 
have both an acquisition and operating sensitivity which is close to the theoretical 
optimum. Because the Multimode Transponder will code its transmitted signal with 
forward error control the tiieoretically optimum sensitivity in the data linlc for a bit 
error (BER) of lO”® is specified as; E/Nq = 5 dB where Nq includes all extraneous 
signals including receiver noise, sl^y noise, RFI,and multipath effects. The sensitivity 
of the ground receiver shall be within 2 dB of the theoretical optimum for bptli acquisition 
and operation based upon the E/Nq relationship as described above over the dynamic 
range of the receiver (specified below). 
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5. 3. 2, 8 Receiver Dynamic Range 


In the forward Krk at the miniiraim data rate of 234. 375 BPS (without 
encoding) and system noise figure of 5 dB the threshold signal level is -133 dBm, In 
the return link at the minimum data rate of 937. 5 BPS the threshold signal level is 
-132 dBm with encoding and -127 dBm without encoding, Ihe dynamic range of the 
receiver shall extend from -100 dBm to the minimum signal level at the selected 
data rate, 

5.3. 2.9 Aequisition Time of the Ground Receiver 

Ihe acquisition time for the PN mode without diversity, shall be a maxi- 
mum of 50 seconds with a desired acquisition time being ten seconds or less at all 
received signals and formats where the system, after acquisition, can output data 
with a bit error rate (BER) no greater than 10~®. 

5- S. 2. 10 Acquisition with Doppler 

Correction for tp to +60 kHz doppler offset is manually entered at the 
MTAR for both forward and return links. The receiver is designed to search out 
+3 kHz of frequency uncertainty, 

5.3.2.11 Ground Receiver and Signal Processor Bandwidths 

The bandwidths involved with the ground receiving ftmction are to be 
compatible with the signal emitted by the Multimode Transponder for the various modes. 

5. 3. 2. 12 Data Output 

The received and demodulated data stream shall be applied to a connector 
for external accessibihiy. The voltage level of this data stream shall be the standard 
logic format utilized throughout the system. It is assumed for the PN mode that 
Ihroughout the MTAR and Multimode Transponder the data rate is coherent with Ihe 
PN sequence rate such that bit synchronization is readily ava ilab le once code synchro- 
nization is established. The contractor shall utilize the coherency in establishing bit 
synchronization. In addition capability shall be incorporated on the return link to pass 
digital data that is asynchronous with the PN code. Selection of synchronous or 
assmehronotts data mode is made with a front panel switch. 


5.3.2.13 Range Signals (PN Mode) 

The range signals "will he supplied in the form of start and stop pulses. 
These signals are fed into an internal counter equipped with a printer such that a 
tabulation of two-way range in seconds is produced. Multipl 3 dng these numbers by a 
determinable constant results in the actual range. The gate start pulse is derived 
from the all-ones condition in the ground transmitter. The gate stop pulse is derived 
from the all-ones condition of the local PN code signal which is synchronized through 
a 1 Hz code tracking bandwidth to the received PN code signal. 

5. 4 TEST DATA 

The following pages are a copy of the actual test data taken during 
acceptance testing at Applied Physics Laboratories, Laurel, Maryland. 
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SECTION VI 
CONCLUSIONS 


This report contains a description of the S-Band Multimode Transponder 
and its associated ground support and test equipment. Candidate modes of operation 
considered for use in an eventual tracldng and data relay system were implemented 
in tins design. System trade-off studies during Phase I identified the foreseeable 
technical problems of the eventual TURSS user. Ihe Phase n implementation and 
subsequent TDRSS telecomnnmications study resulted in a design approach to satisfy 
the TDRSS telecommunicatious performance objectives. The S-Band Multimode 
Transponder is the implementation of the selected configuration. Theoretical per- 
formance calculations can be verified with laboratory tests on real hardware. 

The design goals for the MMT/MTAR equipment have been met. The 
flexibility of the equipment as a laboratory tool has been demonstrated in the TDRSS 
simulation testing at Applied Physics Laboratories. 

6.1 MODIFICATIONS TO IMPROVE EXISTING EQUIPMENT 

It is now evident, after integrating and testing the Multimode Transponder 
equipment, that some improvement in reliability and performance could be realized 
throu^ equipment modification. These modifications are discussed in this section. 
Not only should these modifications be incorpoi’ated into the existing Multimode 
Transponder equipment, but they should be considered for inclusion into future 
TDRSS User Satellite equipment. 

6. 1. 1 CORRELATION FREQUENCY 

In future equipment the correlation process should be designed to talce 
place at a higher IF stage than in the MMT/MTAR equipment. In the interest of 
economy during implementation of the S-Band modification the IF stage frequencies 
(and hence local oscillator synthesis) were not clianged. When the code x-ate was 
increased to 2. 56 MHz, the precorrelation IF bandwidth had to be increased. The 
result is that noise xvitfain the IF bandwidth at the mixer image frequency maps into 
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the postcorrelatox’ receiver bandwidth. A performance imijrovement of 3 dB can l.c 
obtained by correlating at a higher fxequency IF stage so that the image can be 
rejected. 

The main tradeoff consideration in correlating at a Ihgher frequency is 
tbflt. a dual IF chain is necessary for all stages after correlation. The early /late 
PN code tracking requires a separate correlator and a separate IF chain in addition 
to tile signal correlator and IF chain. 

An additional consideration tliat favors higher frequency correlation is 
the implementation of the 90° RF carrier phase shifts to generate the staggered 
quadriphase pseudonoise local reference signal. In tlie MMT/MTAR equipment 
discrete components were used. At higher frequencies (50 - 100 MHz) the more 
stable hybrid configurations are available. 

6. 1. 2 OPTIMIZATION OF ACQUISITION SEQUENCE 

The forward link acquisition using tlie frequency hop preamble is imple- 
mented in MMT/MTAR equipment with minimum predetermined times allowed for 
worst case conditions. Use of a detectable switch from frequency hop to SQPN should 
be considered to shorten the acquisition time. Since all of tlie receiver functions 
involved are programmable, only tlie transmit function would require hardware 
changes. The controller program isi changed by erasing and reprogramming a pro- 
grammable Read Only Memory. 


